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Species  Index  for  Volumes  I-V  of  the  Compilation  of  Data  Relevant  to  Gas 
Lasers,"  September  1979.  These  six  volumes,  authored  by  E.W.  McDaniel 
and  other  personnel  at  Georgia  Tech,  Georgia  State  University,  the  Joint 
Institute  of  Laboratory  Astrophysics  ( J I  LA ) ,  and  the  Army  Missile  Command 
(MICOM),  were  published  as  MICOM  Technical  Report  H-78-1  at  Redstone 
Arsenal,  Alabama. 

Volumes  I  and  II  were  prepared  in  the  context  of  the  two  most-used 
techniques  for  gas  laser  pumping:  electrical  discharges  and  high  intensity, 
high  energy  electron  and  on  beams.  Heavy  emphasis  was  placed  on  the  rare 
gases  and  halogens  (atoms,  molecules,  and  ions),  and  the  rare  gas-halides, 
although  a  significant  amount  of  material  on  other  species  was  included. 
Volumes  III,  IV,  and  V  contain  much  information  relevant  to  electrical 
discharges  and  high  intensity,  high  energy  electron  and  ion  beams,  but  are 
oriented  toward  a  third  pumping  technique:  nuclear  pumping.  Since  nuclear 
reactions  may  also  become  interesting  in  some  form  of  hybrid  laser  where  the 
excitation  and  ionization  produced  by  the  reaction  products  might  be  used  to 
supply  electrons  for  an  electrical  discharge  laser  or  an  initiator  for  a 
pulsed  chamical  laser,  or  as  an  initiator  and  sustainer  for  a  continuous  wave 
(fW)  chemical  laser;  data  relevant  to  these  systems  was  also  included. 

■  The  nresent  volumes  serve  to  update  most  of  the  areas  covered  in  the 
previous  documents.  Those  areas  not  treated  here  are  considered  to  have 
been  adequately  dealt  with  earlier,  as  far  as  immediate  data  needs  are 
concerned.  However,  even  in  those  areas  where  new  data  are  not  presented 
here,  references  are  given  to  past  volumes  in  order  to  facilitate  access 
to  the  previous  data.  Another  function  of  the  present  work  is  to  expand 
somewhat  the  scope  of  our  data  coverage,  both  with  respect  to  atomic  and 
molecular  structural  properties  and  with  respect  to  atomic  collisions. 

New  species  and  sets  of  collision  partners  that  have  recently  assumed 
importance  are  treated  here,  and  other  systems  that  may  become  important 
in  the  gas  laser  contex  are  given  attention.  A  significant  amount  of  new 
material  is  also  added  to  the  chapter  on  surface  impact  phenomena,  partly 
because  of  current  interest  in  hollow-cathode  lasers.  , 
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This  volume  and  the  succeeding  volume  are  the  seventh  and  the  eighth 
in  a  series  that  presents  data  relevant  to  research  and  development  in 
the  field  of  gas  lasers.  Volumes  I  and  II  are  entitled,  "Compilation 
of  Data  Relevant  to  Rare  Gas-Rare  Gas  and  Rare  Gas-Monohalide  Excimer 
Lasers,"  December  1977.  Volumes  III,  IV,  and  V  comprise  a  "Compilation 
of  Data  Relevant  to  Nucl ear-Pumped  Lasers,"  December  1978.  Volume  VI 
provides  a  "Cumulative  Reactant  Species  Index  for  Volumes  I-V  of  the 
Compilation  of  Data  Relevant  to  Gas  Lasers,"  September  1979.  These  six 
volumes,  authored  by  E.W.  McDaniel  and  other  personnel  at  Georgia  Tech, 
Georgia  State  University,  the  Joint  Institute  of  Laboratory  Astrophysics 
(JILA),  and  the  Army  Missile  Command  (MICOM),  were  published  as  MICOM 
Technical  Report  H-78-1  at  Redstone  Arsenal,  Alabama. 

Volumes  I  and  II  were  prepared  in  the  context  of  the  two  most-used 
techniques  for  gas  laser  pumping:  electrical  discharges  and  high 
intensity,  high  energy  electron  and  ion  beams.  Heavy  emphasis  was 
placed  on  the  rare  gases  and  halogens  (atoms,  molecules,  and  ions), 
and  on  the  rare  gas-halides,  although  a  significant  amount  of  material 
on  other  species  was  included.  Volumes  III,  IV,  and  V  contain  much 
information  relevant  to  electrical  discharges  and  high  intensity, 
high  energy  electron  and  ion  beams,  but  are  oriented  toward  a  third 
pumping  technique:  nuclear  pumping.  Since  nuclear  reactions  may 
also  become  interesting  in  some  form  of  hybrid  laser  where  the 
excitation  and  ionization  produced  by  the  reaction  products  might 
be  used  to  supply  electrons  for  an  electrical  discharge  laser  or 
an  initiator  for  a  pulsed  chemical  laser,  or  as  an  initiator  and 
sustainer  for  a  continuous  wave  (CW)  chemical  laser;  data  relevant  to 
these  systems  was  also  included. 

The  present  volumes  serve  to  update  most  of  the  areas  covered  in 
the  previous  documents.  Those  areas  not  treated  here  are  considered 
to  have  been  adequately  dealt  with  earlier,  as  far  as  immediate  data 
needs  are  concerned.  Such  areas  include  all  nuclear  processes,  and 
atomic  collisions  occurring  at  "high"  energies,  i.e.,  above  about 
100  eV  impact  energy.  However,  even  in  those  areas  where  new  data 
are  not  presented  here,  references  are  given  to  past  volumes  in  order 
to  facilitate  access  to  the  previous  data.  Attention  should  also  be 
called  to  another  document  that  may  prove  useful  to  those  requiring 
data— "Bibliography:  Sources  of  Information  on  Phenomena  of  Interest 
in  Gas  Laser  Research  and  Development,"  Technical  Report  RH-77-1,  by 
E.W.  McDaniel,  H.W.  Ellis,  F.L.  Eisele,  and  M.G.  Thackston,  January 
1977,  US  Army  Missile  Command,  Redstone  Arsenal,  Alabama.  A  second, 
updated  edition  of  this  bibliography  will  be  published  early  in  1981. 

Another  function  of  the  present  volume  is  to  expand  somewhat  the 
scope  of  our  data  coverage,  both  with  respect  to  atomic  and  molecular 
structural  properties  and  with  respect  to  atomic  collisions  (by  the 


latter  term,  we  mean  two-  and  three-body  collisions  between  electrons, 
ions,  atoms,  molecules,  and  photons  at  impact  energies  sufficiently 
low  that  nuclear  forces  are  unimportant).  New  species  and  sets  of 
collision  partners  that  have  recently  assumed  importance  are  treated 
here,  and  other  systems  that  may  become  important  in  the  gas  laser 
context  are  given  attention.  A  significant  amount  of  new  material 
is  also  added  to  the  chapter  on  surface  impact  phenomena,  partly 
because  of  current  interest  in  hollow-cathode  lasers. 

In  conclusion,  we  wish  to  thank  C.F.  Barnett,  former  Director  of 
the  Controlled  Fusion  Atomic  Data  Center  at  the  Oak  Ridge  National 
Laboratory,  and  E.C.  Beaty,  Chief  of  the  Information  Center  at  JILA, 
for  their  cooperation  and  the  use  of  their  facilities.  In  certain 
areas,  our  work  would  have  been  immensely  more  difficult  without  their 
assistance.  Chapter  D  on  photon  collision  processes  in  gases  was  put 
together  with  the  aid  of  several  scientists.  Particularly  significant 
were  the  contributions  of  Dr.  Joseph  Berkowitz,  of  Argonne  National 
Laboratory,  whose  book 
Spectroscopy  (Academic 
of  references  and  critically  evaluated  data  on  atoms  and  molecules. 

We  gratefully  acknowledge  being  allowed  access  to  the  manuscript  prior 
to  publication,  as  well  as  Dr.  Berkowitz  providing  us  with  a  number  of 
large-size  versions  of  figures  from  his  book.  In  addition,  we  acknow¬ 
ledge  the  contributions  of  Professor  C.E.  Brion,  of  the  University  of 
British  Columbia,  for  providing  us  with  a  complete  set  of  reprints, 
spanning  a  decade,  of  his  very  extensive  work  on  partial  and  total 
cross  sections  of  atoms  and  molecules.  Also,  the  expert  help  of 
Professor  H.W.  Ellis,  of  Eckerd  College,  St  Petersburg,  Florida,  on 
the  transport  properties  of  electrons,  ions,  and  neutrals  in  gases 
is  gratefully  acknowledged. 


Photoabsorption,  Photoionization,  and  Photoelectron 
Press,  New  York,  1979) provided  us  with  a  wealth 


Compilation  of  Atomic  and  Molecular  Data  Relevant  to  Gas  Lasers  -  Vol .  VII 

Table  of  Contents 


Chapter 

A.  Structural  Properties  of  Atoms,  Molecules,  and  Ions  . 

B.  Heavy  Particle  -  Heavy  Particle  Collisions  . 

(No  new  entries  on  high-energy  collisions  here.) 

C.  Electron  -  Heavy  Particle  Collisions . 

D.  Photon  Collision  Processes  in  Gases . 

E.  Transport  Properties  of  Electrons,  Ions,  and  Neutrals  in  Gases 
(No  new  entries  on  neutrals  here.) 

F.  Interactions  with  Static  Electric  and  Magnetic  Fields . 

(No  new  entries  here.) 

G.  Particle  Penetration  in  Gases  (Ions,  Neutrals,  and  Electrons). 
(No  new  entries  here.) 

H.  Particle  and  Photon  Interactions  with  Solids . 

(No  new  entries  on  photons  here.) 

I.  Secondary  Electron  Spectra . 

J.  Nuclear  Data . 

(No  new  entries  here.) 


(Chapters  C  through  J  appear  in  Vol.  VIII.) 


2542 


A.  STRUCTURAL  PROPERTIES  OF  ATOMS,  MOLECULES,  AND  IONS. 


CONTENTS 

A-l.  General  References  on  Potential  Energy  Curves,  Electronic 

Energies,  Spectroscopic  Constants  and  Absorption  and  Emission 
Spectra  of  Excimer  Systems . 


Page 


2544 


A-2.  Potential  Energy  Curves,  Electronic  Energies,  Transition  Moments 
and  Spectroscopic  Constants  of  Valence  Electronic  States  of 
F2,  I2  and  I2+ .  2548 

A-3 .  Transition  Moments  and  Absorption  Profiles  for  Electronic  States 
of  Ne^,  Ar+,  Kr+,  Xe+,  Potential  Energy  Curves,  Spectroscopic 

Constants  and  Absorption  Cross  Sections  for  Hg2  and  Ar^  .  2574 

A-4.  Franck-Condon  Factors  for  XeCl,  Electronic  Structure  of  HgCl2, 

HgBr2  and  ArBr,  Potential  Energy  Curves  for  Zn2,  Cd2  and  LiCa  .  .  2632 

A-5.  Electronic  Structure  and  Spectra  for  Li2  and  Na2-  Van  der  Waals 
Coefficients  for  Neutral  (H,  He,  Ne,  Ar,  Kr,  Xe,  Li,  Na,  K,  Rb  - 
Neutral  Interactions .  2660 


GLOSSARY 

Cl:  Configuration  Interaction 
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OVC:  Optimized  Valence  Configuration 
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Tabular  Data  A-2.2.  Calculated  energies  of  the  singlet  states  of  F2  from  POL-CI 

calculations.  All  energies  are  relative  to  -190.0  a.u.  (Hartree) 
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Tabular  Data  A-2.4.  Vertical  excitation  energies  for  the  states  of  F„ 

from  POL-CI  calculations  at  R  *  1.42  A.  ' 
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Tabular  Data  A-2.5.  Spectroscopic  Constants  for 


Tabular  Data  A-2.7.  Comparison  of  Spectroscopic  constants  for  the  lowest 

3nu  state  in  F2  and  C&2 • 
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Tabular  Data  A-2.8.  Exponential  fits  of  the  repulsive  curves  of  from  the  POL-CI 

calculations.  The  pargigeters  a  and  b  refer  to  a  potential 
of  the  form  V (R)  -  ae 
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Tabular  Data  A-2.9. 


Quadrupole  moment  and  electric  field  gradient  (a.u.)^ 
for  the  F2  ground  state  using  the  POL-CI  wavefunction . 
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1.40674 

-5.76052 

2.4 

1.39292 

-5.46749 

3.0 

1.32984 

-5.20782 

4.0 

1.32425 

-5.43992 

t  2 

1  a.u.  for  ©  is  ea.  * 

zz 

1.3450  x  10  ^  cgsesu. 

(quadrupole  moment) 

3  +15 

1  a.u.  for  qzz  is  e/a^  *  3.2414  x  10  cgsesu.  (electric  field  gradient) 

at  nucleus 
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Tabular 


Data  A-2. 10. Transit ion  moment 
in  (1  a.u.  * 


(a.u.)  for  the  l^Z 
2.542  D)  g 


u 


excitation 


o 


R(A) 

GVB-CI 

[3s2pld]basis 

POL-CI 

[ 3s2pld ]basis 

POL-CI 

[4s3pld]ba: 

1.10 

-0.1567 

0.0007 

0.0944 

1.20 

-0.1291 

.0000 

.02  34 

1.  30 

-0.0989 

.0076 

.0199 

1.42 

-0.0652 

.0164 

.0255 

1.  50 

-0.0467 

.0204 

.0289 

1.60 

-0.0287 

.0231 

.0313 

1.70 

-0.0160 

.0235 

.0315 

1.80 

-0.0073 

.0222 

.0299 

2.0 

-0.0001 

.0170 

.0237 

2.4 

0.0016 

.0071 

.0112 

3.0 

0.0006 

.0020 

.0034 

4.0 

0.0002 

.0007 

.0053 
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Graphical  Data  A-2.11.  Potential  energy  curves  for  the  ground  electronic  state 

and  lowest  state  of  F2  as  calculated  using  ;he 

GVB-CI  and  POL-CI  descriptions. 


Energy  (eV) 


Energy  (eV) 


R  (A) 


Graphical  Data  A-2.13.  Potential  energy  curves,  obtained  using  the  POL-CI 

description  for  the  ground  electronic  states  and 
those  triplet  electronic  states  dissociating  into 
ground  state  F  atoms. 


j 

i 


'  y  V 


ENERGY  (eV) 


Graphical  Data  A-2.15.  Potential  energy  curves  for  the  ground  state  and  the 

valence  3nu  and  1nu  electronic  states  of  F2  as  calculated 
using  the  POL-CI  description.  Experimental  ground  state 
curve  (Reference  12)  and  Rees  (Reference  14)  of  A-2.1. 


Gv*(cml) 


i 


Graphical  Data  A-2.16.  Comparison  between  the  measured  (Reference  14)  and  theoretical 

Gvii  values  for  the  ground  state  of  F2,  as  a  function  of  the 
vibrational  quantum  number.  Results  obtained  using  both  the 
POL-CI  and  GVB  wavefunctions  are  shown  for  comparison. 


Mem1 


/ 


Graphical  Data  A-2.17.  Comparison  between  the  measured  and  theoretical  Bv»  values  for 

the  ground  state  of  F2,  as  a  function  of  the  vibrational  quantum 
number.  Results  obtained  using  both  the  POL-CI  and  GVB  wave- 
functions  descriptions  for  the  ground  state  are  shown  for 
comparison. 


('nu  | X |  ’Zj) ,  a.u. 


-POL  +  Ryd 


MULLIKEN  SRIEKE  • 

(1941)  (AO)'W/  GVB 


-0.12 


MULLIKEN  a  RIEKE,  1941 
(LCAO) 


LaPAGLIA,  1968 
(LCAO-MO) 


0.80  1.2  1.6  20  24  28  3.2 

R(A) 

Graphical  Data  A-2.19.  Electronic  transition  moment,  as  a  function  of  internuclear 

distance,  for  the  ^  X1!*  excitation  in  F2 .  Results  obtained 

using  the  GVB-CI,  POL-CI  ana  POL-CI  with  Rydberg  functions  are 
compared  to  values  in  References  16  and  17. 


EXPT  (1956) 


200  260  320  380  440  500 

Graphical  Data  A-2.20.  Molar  absorbancy,  as  a  function  of  incident  radiation  wavelength  X,  for  F7  in  its  lowest 

vibrational  level  (upper  portion)  and  for  F2  initially  in  v"=l  and  2  (lower  portion). 
Except  (Reference  18) . 


FRANCK -CONDON  FACTOR 


Tabular  Data  A-2.23.  spectroscopic  analysis  of  potential  curves.1 


Molecule 

Total  energy 
(hartree) 

x. 

(bohr) 

R.  <&) 

Pro]>erty 

w. 

(cm'1) 

w.*, 

(cm*1) 

B. 

(cm*1) 

(cm*1) 

m'dsci 

-  13 835. 97608 

5.061 

2.678 

236.  2 

0.34 

0.  03706 

0.00008 

expt. 6 

2.667 

214.52 

0.61 

0.0373s 

0.00012 

r,(2DSCK 

-  13 83C. 05591 

6.258 

3.311 

10G.8 

0.  35 

0.0242 

0.00009 

expt.0 

3.28 

109 

0.  3 

Ij  (’ll)  SCF- 

-  13  835.63323 

4.861 

2.572 

275 

0.47 

0.0*1016 

0.00008 

SCF* 

-  13835.63351 

4.896 

2.  591 

227 

9.  0 

0.03961 

0. 00020 

1J(J£)  SCF 

-  13  835.54514 

5.770 

3.053 

120.7 

0.26 

0. 02850 

0.00010 

‘All  values  are  for  I127. 

1 Selected  Constants.  Spectroscopic  Data  Relative  to  Diatomic  Molecules ,  edited  by  B.  Hosen 
(Pergamon,  New  York,  1970). 

“Fmpirlcai  estimate  of  W.  B.  Person,  J.  Chem.  Phys.  38,  109(1963). 
dPotential  curve  with  delocalized  wave  functions  (A-2 .22) 

•Potential  curve  with  localized  wave  functions  (A_2  22) 


Tabular  Data  A-2 . 24  .  Molecular  quadrupole  moments  from  SCF  wave  functions  (all  entries  in  atomic  units). 


R  (bohr) 

Ij('S) 
(z'-kP7)  1 

^c.m. 

IJf’El 

®c.m. 

l2*(2fl) 
<2*  -  ibJ>| 

®C.ID. 

Is*(;£) 
<z7-{p7)  i 

^c.m. 

4.6 

1105.8442 

10.346 

4.8 

1217.  1694 

3.951 

1203. 9366 

11.423 

5.0 

1320.5035 

4.497 

1306. 2923 

12.458 

5.2 

1428.1307 

4. 989 

1412. 9000 

13.460 

5.4 

15JQ. 0478 

5.432 

1520.4378 

17.752 

5.6 

1635.6618 

18.578 

5.8 

1755. 1269 

19.383 

6.0 

1927.6029 

-  10.603 

1878. 8273 

20.173 

6.2 

2057.7465 

-  10.817 

6.4 

2192.2352 

-11.115 

6.6 

2331.0592 

-11.489 

°c.m.  =  B1  -  R  +  ^r2/4;  »  53R2  -  <zf  -  |  p l> 

where  is  the  dipole  moment  relative  to  the  left-hand 
nucleus  as  the  coordinate  origin,  and  q  is  the  net  charge 
on  the  system,  G^  and  0^^  are  the  molecular  quadrupole 
moments  relative  to  the  nucleus,  and  to  the  center  of 
mass  (internuclear  midpoint)  respectively.  (See  A.  D. 
McLean  and  M.  Yoshimine,  J.  Chem.  Phys.  4_7,  1927  (1967)). 
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Tabul.it'  Data  A-2.25.  SC F  potential  curves  for  I,,  Ij,  and  Ij.*,b 


Total  energy.  13  835.0  (hartree) 

H  (bohrl 

1.  ('ll 

i2*<Jni 

ij  <Jr  *> 

3.  8 

-0.69759 

—  0. 40080 

-0.21333 

4.  2 

-  0. 88306 

-0.56839 

-0.40357 

4.4 

-0.  92923 

-0.15544 

4.6 

-0.  9564  9 

-0.  94863 

-  0. 62580 

-0.49010 

4.  8 

-  0. 97066 

-0.  98274 

-  0.63289 

-  0.51297 

5,0 

-0.  97582 

-  1.00807 

-0.63161 

-0.63288* 

-0.52772 

5,  2 

-0.  97488 

-  1. 02018 

-0.62186 

-0.62921* 

-0.53687 

5.4 

-  0. 96985 

-  1.03871 

-0.6116-1 

-  0.  62327* 

-0.54209 

5.6 

-0.  96219 

-  1. 04699 

-0.61603* 

-0.54457 

5.  8 

-0.  95290 

-  1.05209 

-0.60811* 

-0.54512 

6.0 

-0.94273 

-  1,05483 

-0.59995* 

-  0.544  33 

6.2 

-0.  93217 

-  1.05586 

-0.59185* 

-0.54262 

6.  4 

-0.  92160 

—  1 . 05566 

-0.58101* 

-0.54031 

6.6 

-  0. 91124 

-  1. 05461 

-0.  57664* 

-0.53762 

6.  8 

-  1.05299 

-0.56971 

-  0.53475 

7.0 

-0.89179 

-1.05100 

-0.56339* 

-0.53180 

10.0 

-0.  81064 

-  1.03867* 

-0.52035* 

20.0 

-  1.03457* 

-0.51292* 

-0.  51358' 

‘AU  energies  reported  in  this  table  are  directly  computed  with 
the  a  ton  mv  programs  written  at  the  tllM  San  Jose  Research 
laboratory. 

'Tmergies  marked  with  an  asterisk  are  from  wave  functions 
with  a  nonzero  dipole  moment  relative  to  the  nuclear  midpoint, 
t  hose  without  an  asterisk  are  from  wave  functions  with  the 
symmetry  of  the  nuclear  frame. 


Tabu  1  a  r 


A-2.2 

(l  .  S.  1  .  Il  ■  1.  • 

n  it !  t  tti>(  lt- 

ittnl  p-ni/M  loll 

J  nc  ru\ 

levels  Propertv 

SCI  i(  VI 

Ixpt.  «  vi 

1  *'IJ\ 

r  ‘m  i  .  a.  <i> 

2.48 

:t.  (n.3 1  (i.  (1113* 

r  •  /*». 

1  '  Pi  I.  P.  HI 

9.  62 

in.  i :■  l ” 

1;  i'll  >. 

I-'  i>  1  .  A.  U 

i  IHtllH*'.  • 

2.  17 

2. 5“  -0.1' 

1  .  \.  U 

i  ( vert .  > 

1 . 01 

1 . 7  i  li.  il?" 

rrfn, 

1  i  1.  P.  (Id 

9.  33 

9.2s  n.02* 

1;  <’  i;  1  I.  P.  (Id 

11.73 

•n.  s. 

Berry  and  C.  W. 

Pelmnnn, 

J.  Chem. 

Phys.  38,  1:740 

(19631 

It  the  sj'ln— <>rhit  ettret  is  taken  out, 

this  value  would 

increase  to  3.  it?  eV  to  better  eompare  with  the  SCI  value, 
see  the  text. 

*V.  1  .  Moore.  "Analysis  of  optical  Spectra,"  Natl.  Stand, 
lief.  Data  Ser.  Natl,  Bur.  Stand.  0969). 

CW.  A.  Chupka,  .1.  Berkowitz,  and  Iiavld  Gutman,  .1.  Chem. 
I’hvs.  55.  272  1  (1971). 

rf.l.  .lortrier  anil  \V.  S-kolov,  Nature  (l.ondonl  190,  1001  119611. 

*K .  Watnnabe.  .1.  Chem.  Phys.  26,  512  (19571  gives  7  1  s.'.O 
i  11.0  cm”1,  from  which  the  table  entry  is  computed. 
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N<?+,  Ar+,  Kr^,  Xe*,  POTENTIAL  ENERGY  CURVES,  SPECTROSCOPIC  CONSTANTS 
AND  ABSORPTION  CROSS  SECTIONS  FOR  Hg*  AND  Ar^. 

CONTENTS 

— - - - —  Page 

A-3.I.  Transition  moments  (in  a.u.)  calculated  for  the  1  ( 1  /  2 )  u  -*■ 

1  ( 3 / 2 ) g ,  1  (l/2)u  ->  1  (l/2)g  and  l(l/2)u  2 (1/2) R  excita¬ 
tions  in  Nej^ .  2578 

A-3.2.  Transition  moments  (in  a.u.)  calculated  for  the  l(l/2)u  -> 

1  (3/2)  ,  I  (1/2)  u  -v  1(1/2),  and  l(l/2)u  ->  2(1/2),  excita¬ 
tions  Ar+  ......  ? . ...... .  2579 

A-3.3.  Transition  moments  (in  a.u.)  calculated  for  the  1 ( 1 / 2 ) u  -> 

1(3/2)  1  (1/2) u  -*■  1  (l/2)g  and  l(l/2)u  -*•  1  (3/2) p  excita¬ 
tions  in  Kr* .  2580 

A-3.4.  Transition  moments  (in  a.u.)  calculated  for  the  1  ( 1  / 2 ) u 
1(3/2)  1  ( 1  / 2) u  -*■  l(l/2)g  and  l(l/2)u  -  2(l/2)g  excita¬ 
tions  in  Xe"^ .  2581 

2 

A-3.5.  Calculated  cross-sections  (in  cm  )  for  1(1/2)(J  2(1/2)  in 

Ne+  at  100K,  300K,  600K . .  .  .  2582 

2 

A-3.6.  Calculated  cross-sections  (in  cm  )  for  1 ( 1 / 2 ) u  •*  2(1/2),  in 

Ar+  at  100K,  300K,  600K . T  .  .  .  2583 

A-3.7.  Calculated  cross-sections  (in  cm')  for  1(1/ 2) u  -+  2(l/2)g  in 

Kr+  at  100K,  300K,  600K . .  .  .  .  2585 

A-3.8.  Calculated  cross-sections  (in  cm")  for  1  ( 1  /  2 )  u  -*■  2(1/2)  in 

Xe+  at  100K,  300K,  600K .  2587 

A-3.9.  Comparison  of  theoretical  and  experimental  cross-sections  (in 

10-18  cm2)  for  j«je+  at  (350.7  and  356.7)nm  and  Ar"?  at  4.13.1nm.  2589 

A-3.10.  Experimental  and  theoretical  values  for  the  wave-length  (in 
nm)  and  magnitude  (in  10“ 18  cm~)  of  the  maximal  absorption 
cross-sec t ion  for  the  l(l/2)u  -v  2(1/2),  transition  in  Ne^, 

Ar*,  Kr^  and  Xe+  at  300K .  2590 

A—  3.11.  Transition  moment  functions  for  the  l(1./2)u  -►  1(3/2), 

transition .  2591 

A—  3.12.  Transition  moment  functions  for  the  1  (1  / 2 ) u  -*■  1(3/2), 

transition .  2592 

A—  3.13.  Transition  moment  functions  for  the  l(l/2)u  -*  2(1/2), 

transition .  2593 


2574 


Page 
.  2594 


A-3.14. 

A-3.15. 

A-3.16. 

A-3.17. 

A-3.18. 

A-3.19. 

A-3.20. 

A-3.21. 

A-3.22. 

A-3.23. 

A-3.24. 

A-3.25. 

A-3.26. 

A-3.27. 

A-3.28. 

A-3.29. 

A-3.30. 

A- 3. 31. 

A-3.32. 

A-3.33. 

A-3.34. 

A-3.35. 

A- 3. 36. 


Absorption 

profiles 

for 

Ne2 

1 (1/2) u 

->■ 

2(l/2)g. 

Absorption 

profiles 

for 

Ar2 

1 (1/2) u 

2(l/2)g. 

Absorption 

profiles 

for 

Kr^ 

Kl/2)u 

2(1/2)  . 

Absorption 

profiles 

for 

Xe- 

ia/2)u 

->• 

2(1/2)  . 

Absorption 

profiles 

for 

Ne- 

l(l/2)u 

-V 

1(l/2)g. 

Absorption 

profiles 

for 

Ar2 

1(1/2)u 

->■ 

1(1/2)g- 

Absorption 

profiles 

for 

Kr2 

1d/2)u 

->■ 

1(1/2V 

Absorption 

profiles 

for 

Xe2 

1  ( 1  /  2  )  U 

1(1/2)g. 

Absorption 

profiles 

for 

Ne 

K1/2)u 

-4- 

1(3/2)  , 
g 

Absorption 

profiles 

for 

Ar2 

1 (i /2) u 

-*■ 

1(3/2)  . 
g 

Absorption 

profiles 

for 

Kr2 

1(1/2)u 

— V 

K3/2)  . 

ft 

Absorption 

profiles 

for 

Xe- 

l(l/2)u 

->■ 

1(3/2)  . 
g 

Absorption  cross-sections  for  l(l/2)u  -*■  1(1/2)^ 

Absorption  cross-sections  for  l(l/2)u  ->  l(l/'2)g 

Absorption  cross-sections  for  1(1/2)^  -*■  l(l/2)g 

Total  photoabsorption  cross-sections  for  the  A 
transition  of  Ne^ . 

Total  photoabsorption  cross-sections  for  the  A  2 
transition  of  Ar^ . 

o 

Total  photoabsorption  cross-sections  for  the  A 
transition  of  Kr* . 

2 

Total  photoabsorption  cross-sections  for  the  A 
transition  of  Xe* . 

o  *4“ 

Photoabsorntion  cross-sections  for  the  A  X1  -* 
tion  of  Ar^  as  a  function  of  vibrational  level  . 

2  4" 

Photoabsorption  cross-sections  for  the  A  Ilu  -*■ 
tion  of  Kr*  as  a  function  of  vibrational  level  . 

7  "4“ 

Photoabsorption  cross-sections  for  the  A  Ei,u 
tion  of  Xe^  as  a  function  of  vibrational  leVel  . 

2 

Total  photoabsorption  cross-sections  for  the  A 
transition  o  f  Ne+ . 


in  Ar2 
4- 

in  Kr2 


in  Xe 


I-, 


.  .  .  .  2595 
.  .  .  2596 
.  .  .  2597 
.  .  .  2598 
.  .  .  2599 
.  .  .  2600 
.  .  .  2601 
.  .  .  2602 
.  .  •  2603 
.  .  .  2604 
.  .  .  2605 
.  .  .  2606 
.  .  .  2607 


.  .  .  .  2608 


2609 


.  2610 


D 


2611 

2612 


D 


transi- 


2613 


5g 


transi- 
.  .  .  .  2614 


D 


transi- 


2615 


-*■  D 


.  2616 


2575 


m.  ■* 


A-3.37. 


A-3.38. 


A-3.39. 


A-3.40. 


A-3.41. 


Total  photoabsorption  cross-sections  for  the  A  2E,  -*■  D  2E, 

_L 

transition  of  ArJ . . 

«  4  A  "I* 

Total  photoabsorption  cross-sections  for  the  A  ^Ej  -*•  D  Ej 
transition  of  Kr* . .?u.  .  .  .  3? 

A  -f  Q  4 

Total  photoabsorption  cross-sections  for  the  A  ^E^  D  ‘Ej_ 
transition  of  Xe* . . . ?U.  .  .  . 

Photoabsorption  cross-sections  for  the  A  D  ZE^,„  transi 

tion  of  KrJ  as  a  function  of  several  vibrational  levels.  .  . 

ry  4”  O  4*  4" 

Cross-sections  for  the  A  £i^u  ->  D  E^e  transition  of  Ne2  at 
300K . . 


A-3.42.  Cross-sections  for  the  A  2E,  ■>  D  2E,  transition  of  Ar_  at 

300K . ?U.  .  .  . ?  .  . 

o  +  ^  4  4" 

A-3.43.  Cross-sections  for  the  A  ZE,  -»■  D  ZE^  transition  of  Kr  at 


A-3.44.  Cross-sections  for  the  A  2E,  ->•  D  2X,  transition  of  Xe_  at 

Hu  He  2 


A-3.45.  Density  functional  potential  energy  curves  for  Hg^ 


A-3.46.  Spectroscopic  constants  for  Hg„ 


A-3.47.  Low-lying  potential  energy  curves  for  . 


-f  A  4- 

A-3.48.  Total  photoabsorption  cross-sections  for  the  Ah  -*  B  y. 

i  -u  K 

transition  of  Hg^ . . 


A-3.49.  Spectroscopic  constants  and  total  electronic  energies  for  Ar, 


A-3.50.  Jahn-Teller  energies  for  the  ground  state  of  Ar„ 


A-3.51.  Potential  energy  curves  for  Ar„ 


A-3.52.  Noble  gas  dimer  and  trimer  ion  absorption  cross-sections  .  . 


A- 3.  References 


1.  W.  R.  Wadt,  "The  Electronic  States  of  Ne't,  Ar*.  Krt,  Xe*.  II.  Absorption 
Cross  Sections  for  the  1 ( 1 / 2 ) u  ■>  1(3/2) l(l72)„,  2(1/2)^  Transitions", 

J.  Chem.  Phvs.  (in  press).  Tabular  and  Graphical  Data  (A-3.1)  -  (A-3.28). 

2.  H.  H.  Michels,  R.  H.  Hobbs  and  L.  A.  Wright,  "Electronic  Structure  of  the 
Noble  Gas  Dimer  Ions.  IT.  Theoretical  Absorption  Spectrum  for  the 

\2Z+  -*•  D2£l^  System",  J.  Chem.  Phys.  (in  press).  Tabular  and  Graphical 

Data  (A-3.29.)  -  (A-3.44). 

3.  L.  C.  Lee  and  G.  P.  Smith,  "Photodissociation  Cross  Sections  of  Ne^>,  Ar+, 

Krt  and  Xef",  from  3500  to  5400  ft",  Phys.  Rev.  A  19_,  2329  (1979).“ 

4.  J.  A.  Vanderhoff,  "Photodissociation  Cross  Sections  for  Ar2»  Kr^  and  Xe2 
at  3.0  and  3.5  eV",  J.  Chem.  Phys.  68,  3311  (1978). 

5.  R.  0.  Hunter,  J.  Oldenettel,  C.  Howton  and  M.  V.  McCusker,  SRI  Technical 
Report  No.  1,  Project  PYU-6158,  May  1978. 

6.  W.  J.  Stevens,  M.  Gardner  and  A.  Karo,  "Theoretical  Determination  of  Bound- 
Free  Absorption  Cross  Sections  in  Ar^",  J.  Chem.  Phys.  67,  2860  (1977). 

7.  W.  R.  Wadt,  D.  C.  Cartwright  and  J.  S.  Cohen,  "Theoretical  Absorption 
Spectra  for  Net,  Art,  Krt  and  Xet  in  the  Near  Ultraviolet",  Appl.  Phys. 

Letts  _3j_,  672  (1977). 

8.  H.  If.  Michels,  R.  H.  Hobbs  and  J.  W.  D.  Connolly,  "Electronic  Structure 
and  Photoabsorption  of  the  Hgt  Dimer  Ion",  Chem.  Phvs.  Letts,  (in  press). 
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Tabular  Data  A-3.1.  Transition  moments  (in  a.u.)  calculated  for  the  1(1/2)^  -*■  l(3/2)g, 

1(1/2)  -*■  1(1/2)  and  1(1/2)  ■*  2(1/2)  excitations  in  Ne^. 

u  8  ^  ^ 


R(a.u.)  l(l/2)u^l(3/2)  l(l/2)u->l(l/2)g  l(l/2)u-2(l/2) 


2.5 

0.0162 

0.0220 

1.25 

3.0 

0.0229 

0.0403 

1.47 

3.5 

0.0210 

0.0752 

1.70 

4.0 

0.0164 

0.154 

1.94 

5.0 

0.00775 

0.646 

2.37 

6.0 

0.00296 

2.07 

2.11 

7.0 

0.000977 

3.33 

0.921 

8.0 


0.0000083 


3.95 


0.301 


Tabular  Data  A-3.2.  Transition  moments  (in  a.u.)  calculated  for  the  1(1/2)  -*-1(3/2)  , 

u  g 

1(1/2)  -*-1(1/2)  and  1(1/2)  -*-2(1/2)  excitations  in  Art. 
u  g  u  g  2 


R(a.u.)  l(l/2)u+l(3/2)g  1(1/2) ^1(1/2)  l(l/2)u-2(l/2) 


3.0 

0..,  32 

0.0148 

0.134 

4.0 

0.0272 

0.0687 

1.63 

4.25 

0.0272 

0.0899 

1.79 

4.5 

0.0261 

0.118 

1.94 

4.75 

0.0244 

0.156 

2.09 

5.0 

0.0222 

0.207 

2.23 

5.25 

0.0198 

0.275 

2.37 

5.5 

0.0175 

0.365 

2.50 

5.75 

0.0152 

0.484 

2.63 

6.0 

0.0131 

0.641 

2.74 

6.25 

0.0112 

0.845 

2.84 

6.5 

0.00954 

1.11 

2.90 

6.75 

0.00801 

1.44 

2.90 

7.0 

0.00666 

1.84 

2.83 

8.0 

0.00299 

3.54 

1.67 

Tabular  Data  A-3.3.  Transition  moments  (in  a.u.)  calculated  for  the  1(1/2)  -*-1(3/2)  , 

“  g 

1(1/2)  -*1(1/2)  and  1(1/2)  -*-1(3/2)  excitations  in  Krt. 
n  §  u  §  u 


R(a.u) 

1(1/2)  -1(3/2) 

1(1/2)  -*1(1/2) 
u  g 

l(l/2)u-2(l/2)g 

3.5 

0.0445 

0.0568 

0.202 

4.25 

0.0506 

0.201 

1.42 

4.75 

0.0479 

0.353 

1.77 

5.0 

0.0449 

0.462 

1.91 

5.25 

0.0412 

0.602 

2.04 

5.5 

0.0372 

0.778 

2.15 

5.75 

0.0331 

0.997 

2.23 

6.0 

0.0291 

1.26 

2.28 

6.25 

0.0253 

1.57 

2.27 

6.5 

0.0218 

1.91 

2.21 

6.75 

0.0186 

2.27 

2.08 

7.0 

0.0158 

2.62 

1.89 

8.0 


0.00785 


3.68 


0.994 


Tabular  Data  A-3.4.  Transition  moments  (in  a.u.)  calculated  for  the  1(1/2)  -*-1(3/2) 

u  g 

1(1/2)  -*-1(1/2)  and  1(1/2)  -*-2(1/2)  excitations  in  Xe*. 
u  g  u  g  2 


R(a.u.)  l(l/2)u-*l(3/2)g  l(l/2)u-l(l/2) g  1(1/2)  ^2(1/2) 


4.5 

0.0536 

0.258 

0.881 

5.0 

0.0569 

0.497 

1.42 

5.5 

0.0551 

0.826 

1.74 

5.75 

0.0527 

1.04 

1.85 

6.0 

0.0494 

1.28 

1.90 

6.25 

0.0456 

1.55 

1.92 

6.50 

0.0416 

1.84 

1.89 

7.0 

0.0336 

2.44 

1.70 

7.25 

0.0298 

2.72 

1.55 

7.5 

0.0263 

2.99 

1.40 

7.75 

0.0231 

3.23 

1.24 

8.0 

0.0202 

3.46 

1.08 

9.0 

0.0116 

4.19 

0.558 

10.0 

0.00680 

4.78 

0.248 

2  + 
Tabular  Data  A-3.5.  Calculated  cross-sections  (in  cm  )  for  l(l/2)u-*-2(l/2)g  in  Ne9 

-20 

at  100K,  300K,  600K.  [5.38l(-20)  =  5.38x10  ^u] 


X(nm) 

100K 

300K 

600K 

180 

5.38C-20) 

6 . 32 (-20) 

1. 35 (—19) 

190 

2 . 65(-19) 

3.00(-19) 

5 . 33 (-19) 

200 

9 . 45 (-19) 

1.04 (-18) 

1. 57(-18) 

210 

2.65(-18) 

2.82(-18) 

3.66(-18) 

220 

5. 85(-18) 

6 . 06(-18) 

6.94(-18) 

230 

1 . 06 (-17) 

1 . 07 (-18) 

1.10(-17) 

240 

1 . 60(-17) 

1.59(-17) 

1.5K-17) 

250 

2 . 09 (-17) 

2 . 05 (-17) 

1 . 83(-17) 

260 

2 . 37 (—17) 

2 . 30(-17) 

1. 98(-17) 

270 

2 . 38 (-17) 

2 . 30(-17) 

1.97 (-17) 

280 

2.15(-17) 

2.09(-17) 

1.81(-17) 

290 

1.77 (-17) 

1 . 74 (-17) 

1.57 (-17) 

300 

1 . 34 (-17) 

1.33 (—17) 

1 . 30(-17) 

310 

9 . 42 (-18) 

9.68(-l8) 

1.04(-17) 

320 

6.16(-18) 

6.60(-18) 

8.06(-18) 

330 

3.80(-18) 

4 . 30(-18) 

6.12(-18) 

340 

2.24(-18) 

2 . 71 (-18) 

4.60(-18) 

350 

1.25(-18) 

1.65(-18) 

3 . 44 (-18) 

360 

6 . 72(-19) 

9.87 (-19) 

2.56(-18) 

370 

3.50(-19) 

5.81(-19) 

1.91(-18) 

380 

1.76(-19) 

3 . 39 (— 19 ) 

1.43(-18) 

390 

8.59(-20) 

1 . 97(-19) 

1.08(-18) 

400 

4 ,08(-20) 

1.14(-19) 

8.16(-19) 

410 

1.89(-20) 

6.61(-20) 

6.21(-19) 

420 

8 . 57(-21) 

3.86(-20) 

4 . 75(-19) 

430 

3 . 78 (-21) 

2.27 (-20) 

3.67 (-19) 

440 

1.64 (-21) 

1 . 34 (-20) 

2.86(-19) 

450 

6.98(-22) 

8.02(-21) 

2.25(-19) 

460 

2.91 (—22) 

4.84(-21) 

1.77(-19) 

470 

1 . 20(-22) 

2.95(-21) 

1.40(-19) 

480 

4.83(-23) 

1.82(-21) 

1.10(-19) 
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Tabular  Data  A-3.6.  Calculated  cross-sections  (in  cm  )  for  1(1/2)  -*2(1/2) 

+  u  g 
in  Ar ^  ac  100K,  300K,  600K  normalized  to  experimental  cross-sections 

of  Lee  and  Smith3  and  Vanderhof f ^  at  (350.7  and  356.9)nm  and  413.1  nm 

[2. 68(-21)  -  2.68xl0~21] 


X(nm) 

100K 

300K 

600K 

1 

200 

2.68(-21) 

2 . 73(-20) 

2.84(-19) 

t 

210 

2 . 57 (-20) 

1.60(-19) 

9.44(-19) 

> 

220 

1.69(-19) 

6. 73(-19) 

2. 34(-18) 

230 

8 . 20(-19) 

2 . 17 (-18) 

4.91(-18) 

h. 

240 

2 . 84 (-18) 

5. 38 ( — 18) 

8 . 57 (-18) 

: 

250 

7. 80(-18) 

1.1K-17) 

1.34(-17) 

i 

260 

1. 66(-17) 

1. 89(-17) 

1. 85(-17) 

r 

270 

2 . 79 (-17) 

2.67 (-17) 

2. 27 (-17) 

280 

3 . 97 (-17) 

3.38(-17) 

2.61(-17) 

:  . 

290 

4.62 (-17) 

3.68(-17) 

2. 74(-17) 

i 

300 

4.80(-17) 

3 . 77 (-17) 

2.80(-17) 

[ 

310 

4 . 23(-17) 

3.47 (-17) 

2 . 68(-17) 

320 

3. 34(-17) 

3 . 01 (-17) 

2.49(-17) 

- 

330 

2.37 (-17) 

2.48(-17) 

2 . 27 (-17) 

i : 

340 

1. 40(-l 7) 

1.91(-17) 

1.97 (-17) 

350 

8.75(-18) 

1.43(-17) 

1.70(-17) 

k » 

360 

4.68(-18) 

1.03(-17) 

1.45(-17) 

370 

2. 30 (-18) 

7 . 16(-18) 

1.20(-17) 

m 

380 

1.06(-18) 

4.90(-18) 

9.92(-18) 

y 

390 

4. 55 (—19) 

3.26(-18) 

8.07 (-18) 

i 

400 

1.86(-19) 

2.14(-18) 

6.54(-18) 

410 

7 . 14 (-20) 

1 . 39(-18) 

5.28(-18) 

420 

2.63(-20) 

8.93(-19) 

4.22(-18) 

h 

430 

9.28(-21) 

5.71(-19) 

3 . 38(-18) 

i' 

440 

3.15(-21) 

3.64(-19) 

2.70(-18) 

^  # 

• 

450 

1.03(-21) 

2.3K-19) 

2.15(-18) 

j 

460 

3.22(-22) 

1.46(-19) 

1.7K-18) 

* 

470 

9.91(-23) 

9 . 20(-20) 

1.37 (-18) 

continued  on  next  page 
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Tabular  Data  A-3.6.  (continued) 


\(nm) 

100K 

300K 

600K 

480 

2.99(-23) 

5.79(-20) 

1.09(-18) 

490 

8.82(-24) 

3.66(-20) 

8.63(-19) 

500 

2.55(-24) 

2. 32 (-20) 

6.8K-19) 

510 

7 . 32 (—25) 

1.48(-20) 

5.38(-19) 

520 

2.08(-25) 

9.49(-21) 

4.29(-19) 

530 

5 . 88 (—26) 

6.10(-21) 

3.45 (—19) 

540 

1.66(-26) 

3.94(-21) 

2.79(-19) 

550 

4.63(-27) 

2. 55(-21) 

2.24(-19) 

560 

1. 30(-27) 

1.66 (-21) 

1.75(-19) 

570 

3.73 (—28) 

1.06(-21) 

1 . 32 (—19) 

2  ,  + 
Tabular  Data  A-3.7.  Calculated  cross-sections  (in  cm  )  for  1(1/2)  -*■2(1,2)  in  Kr_ 

U  g  Z- 

at  100K,  300K,  600K  normalized  to  experimental  cross-sections  of  Lee  and 
Smith a  and  Vanderhoffb  at  (350.7  and  356.9)nm  and  413.1  nm  [1.02C-22)  = 
1.02xl0"22]. 


(nm) 

100K 

300K 

600K 

2  20 

1 . 02(~22) 

1.58(-20) 

3 . 17 (-19) 

230 

2 . 24 (—21) 

1.12(-19) 

1.00(-18) 

240 

2.97(-20) 

5.47 (-19) 

2.5K-18) 

250 

2.51(-19) 

1.97(-18) 

5.26(-l 8) 

260 

1 . 38(-18) 

5. 33(-18) 

9 . 23C-28) 

270 

5. 22(-18) 

1.13(-17) 

1.4K-17) 

280 

1.4K-17) 

1-93 (—17) 

1.89(-17) 

290 

2.89(-17) 

2.82(-17) 

2. 34(-17) 

300 

4.51(-17) 

3. 53(-17) 

2.66(-17) 

310 

5.62(-17) 

3. 92(-17) 

2. 83(-17) 

320 

5.83(-l7) 

4.0K-17) 

2 . 89(-17) 

330 

4.96(-L7) 

3 . 73(-17) 

2.8K-17) 

340 

3.60(-17) 

3.24(-17) 

2. 62(-17) 

350 

2.29(-17) 

2.68(-17) 

2.41(-17) 

360 

1.26(-17) 

2.09(-17) 

i 

2 . 13(~17) 

370 

6.22  C— 18) 

1. 56(-17) 

1.85 (— 17 ) 

380 

2 . 75(-l8) 

1. 13(-17) 

1. 58(-17) 

390 

1.  IK-18) 

7 . 89(~18) 

1.33 (—17 ) 

400 

4 . 14(-19) 

5 . 40(-18) 

1. 10(-17) 

410 

1 . 43 (-19) 

3.6K-18) 

9. 04 (-18) 

420 

4.66C-20) 

2 . 38(-18) 

7.37 (-18) 

430 

1.44(-20) 

1.55(-18), 

5.97(-18) 

440 

4.20(-21) 

9.99(-19) 

4.8K-18) 

450 

1.19(-21) 

6 . 36(-19) 

3 . 86 (—18) 

460 

3.25(-22) 

4.05(-19) 

3.08(-18) 

470 

8 . 65 (—23) 

2. 56(-19) 

2.46(-18) 

480 

2 . 25 (—23) 

1.62 (-19) 

1.97 (— 18) 

490 

5. 76(-24) 

1.02(-19) 

1.56(-18) 

continued  on  next  page 
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Tabular  Data  A- 3. 7.  (continued) 


A  (nm) 

100K 

300K 

600K 

500 

1.46(-24) 

6 .42 (-20) 

1 . 24 (-18) 

510 

3 . 66 (—25) 

4.05(-20) 

9 . 92 (—19) 

520 

9 . 18 (-26) 

2 . 56 (-20) 

7.81(-19) 

530 

2.29(-26) 

1.61 (-20) 

6 . 17 (-19) 

540 

5.75 (-27) 

1 . 03 (-20) 

4.97 (—19 ) 

550 

1.44(-27) 

6.54(-21) 

3.94(-19) 

560 

3. 64 (-28) 

4 . 16(-21) 

3 . 06 (-19) 

570 

9 . 30  (— 29 ) 

2 . 65 (-21) 

2 . 38 (-19) 

580 

2.40(-29) 

1 . 71 (-21) 

1 . 92 (-19) 

590 

6.26(-30) 

1. 11(-21) 

1.55(-19) 

600 

1 . 66(-30) 

6 . 93 (-22) 

1 . 14 (—19) 

aReference  3 
^Reference  4 
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2  + 
Tabular  Data  A-3.8.  Calculated  cross-sections  (in  cm  )  for  1(1/2)  ■*■2(1/2)  in  Xe„ 

u  o  4 

at  100K,  300K,  600K  normalized  to  experimental  cross-sections  of  Lee  and 
Smitha  and  Vanderhoff b  at  (350.7  and  356.9)nm  and  413.1  nm  [ 970( -22)  = 
9.70xl0"22] 


(nm) 

100K 

300K 

600K 

250 

9.70(-22) 

2.23(-19) 

1. 63(-18) 

260 

1 . 61 (-20) 

8.83(-19) 

3 . 42 (-18) 

270 

1.61(-19) 

2 . 64 (-18) 

6.18(-18) 

280 

1.0K-18) 

6 . 20(-18) 

9 . 78 (-18) 

290 

4 . 23(-18) 

1 • 17 (-17) 

1 . 37 (-17) 

300 

1 . 26 (-17) 

1.90(-17) 

1 . 7S (-17) 

310 

2 . 72 (-17) 

2 . 63 (-17) 

2 . 13 (-17) 

320 

4.47 (-17) 

3 . 24 (-17) 

2 . 39 (-17) 

330 

5 .76 (—17 ) 

3.64 (-17) 

2 . 57 (-17) 

340 

5.82 ( — 17 ) 

3  -  66 (— 17 ) 

2 . 59 (-17) 

350 

4.86(-17) 

3 . 44 (-17) 

2 . 54 (-17) 

360 

3.41(-17) 

3 . 04 (-17) 

2.41 (-17) 

370 

2.00(-17) 

2 . 50(-17) 

2 . 20(-17) 

380 

1 . 02 (-17) 

1.96(-17) 

1.95 (—17) 

390 

4 . 59(-18) 

1 . 48 (-17) 

1 . 71 (-17) 

400 

1.83(-18) 

1 . 08 (-17) 

1.47 (-17) 

410 

6. 60 (-19) 

7.53(-18) 

1 . 23 (-17) 

420 

2 . 18 (-19) 

5 . 13 (-18) 

1.02(-17) 

430 

6.69(-20) 

3 . 44 (-18) 

8 . 39(-18) 

440 

1 . 89 (-20) 

2.23(-18) 

6 . 78 (-18) 

450 

5 .03(— 21) 

1 . 44 (-18) 

5 .47 (-18) 

460 

1. 26(-21) 

8 .97 (-19) 

4 .33 (—18 ) 

470 

3.00(-22) 

5.54(-19) 

3.4M-18) 

480 

6. 85(-23) 

3. 39 (-19) 

2.67 (-18) 

490 

1 . 51 (-23) 

2.06(-19) 

2.09 (-18) 

500 

3.21(-24) 

1 . 24 (-19) 

1.63(-18) 

510 

6. 66(-25) 

7 . 44 (-20) 

1 . 26 (-18) 

520 

1. 35 ( — 25 ) 

4 ,44(-20) 

9 . 79 (-19) 

continued  on  next  page 
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Tabular  Data  A-3.8.  (continued) 


\  (nm) 

100K 

300K 

600K 

530 

2 . 72 (-26) 

2 . 67 (-20) 

7 . 59 (-19) 

540 

5 . 44 (-27) 

1 . 61 (-20) 

5 . 89 (-19) 

550 

1.08(-27) 

9.66(-21) 

4 . 63(-19) 

560 

2 . 10(-28) 

5 . 50 (-21) 

3 . 34 (-19) 

570 

4.07 (-29) 

3 . 19 (-21) 

2.47 (-19) 

580 

7.93(-30) 

1. 86(-21) 

1 . 85 (-19) 

590 

1 . 41 (-30) 

9 . 52 (-22) 

1 . 18 (-19) 

Reference  3 
^Reference  4 
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Tabular  Data  A-3.9.  Comparison  of  theoretical  and  experimental  cross-sections 

—  1  8^4*  4” 

(in  10  cm")  for  Ne2  at  (350.7  and  356.7)nm  and  Ar,  at  413.1  nm  to 

determine  the  extent  of  equilibration  between  translational  and  vibra¬ 
tional  degrees  of  freedom. 


T(K) 

Lee  &  Smith3 

Theory 

I  368 

1.93+0.20 

1.95,1.47 

Ne 

(  602 

2.96+0.19 

3.38,2.81 

(  312 

1.05+0.10 

1.35 

Ar  1 

2  /  602 

2 . 00±0 . 23 

4.95 

aReference  3 
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f 


Tabular  Data  A-3.10.  Comparison  of  experimental  and  theoretical  values  for  the  wave¬ 


length  (in  nm)  and  magnitude  (in  10  cm  )  of  the  maximal  absorption  cross— 


section  for 

the  1(1/2) 

■*2(1/2) 
u  g 

transition 

in  Ne2>  Ar2, 

Kr^  and 

Xe*  at  300K 

Hunter"* 

Wadt^ 

Michelsc 

Stevens^  Moseleye 

Abouaf  ^ 

+ 

X 

max 

— 

264 

287 

— 

— 

— 

Ne_, 

a 

max 

~  — 

23.4 

20.0 

.  + 

X 

max 

295i5 

297 

299 

300 

293 

— 

2 

a 

max 

38t  7 

37.8 

47.6 

50 

64 

4- 

X 

max 

320±5 

318 

322 

— 

— 

330 

Kr2 

a 

max 

36t  7 

40.2 

57.1 

44 

,,  + 

X 

max 

— 

337 

339 

— 

— 

— 

Ae2 

a 

max 

36.8 

68.2 

aR.  0.  Hunter,  J.  Oldenettel,  C.  Howton  and  M.  W.  N.cCusher,  Final 
Technical  Report,  Feb.  -  Nov.  1977,  Maxwell  Laboratories. 

W.  R.  Wadt,  J.  Chem.  Phvs.  (in  press). 

CH.  H.  Michels,  R.  H.  Hobbs  and  L.  A.  Wright,  J.  Chem.  Phvs.  69_,  5151 
(1978);  71,  5053  (1979). 

^W.  R.  Stevens,  M.  Gardner,  A.  Karo  and  P.  Julienne,  J.  Chem.  Phys . 
67,  2860  (1977). 

C J .  T.  Moselev,  R.  P.  Saxon,  B.  A.  Huber,  P.  C.  Cosby,  R.  Abouaf  and 
M.  Tadjeddine,  J.  Chem.  Phys.  67,  1659  (1977). 

^R.  Abouaf,  B.  A.  Huber,  P.  C.  Cosby,  R.  P.  Saxon  and  J.  T.  Moseley, 
J.  Chem.  Phvs.  68,  2406  (1978). 
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Graphical  Data  A-3.11.  POL  Cl  transition  moment  functions  for  the  1(1/2)  -v 1(3/2)  transition.  The  boxes 

indicate  the  Franck-Condon  regions  at  300K.  U  g 
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Graphical  Data  A-3.14.  Absorption  profiles  for  Ne^T  1(1/2)  ->-2(1/2) 


Graphical  Data  A-3.15.  Absorption  profiles  for  Ar^t  1(1/2)  -* 


Graphical  Data  A-3.16.  Absorption  profiles  for  Kr?  1(1/2)  ->2(1/2) 
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Graphical  Data  A-3.17.  Absorption  profiles  for  Xe7  1(1/2)  2(1/2) 


WAVELEN( 

Graphical  Data  A-3.18.  Absorption  profiles 


1(1/2) 


Graphical  Data  A-3.21.  Absorption  profiles  for  Xe*  1(1/2)  -* 


^e2+  H2) 
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Graphical  Data  A-3.22.  Absorption  profiles  fo 
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Graphical  Data  A-3.23.  Absorption  profiles 


WAVELENGTH  (NM) 

Graphical  Data  A-3.24.  Absorption  profiles  for  Krl'  1(1/2)  -> 


Graphical  Data  A-3.25.  Absorption  profiles  for  Xe^T  1(1/2 


WAVELENGTH  (NM) 

Graphical  Data  A-3.27.  Comparison  of  theoretical  absorption  cross-sections  (solid  line)  for  1(1/2)  ->1(1/2) 

in  Kr^  with  those  measured  by  Lee  and  Smith  (Reference  3)  (points  with  error  bars) . 


Comparison  of  theoretical  absorption  cross-sections  (solid  line)  for  l(l/2)u-*l(l/2) 
in  Xe^  with  those  measured  bv  Lee  and  Smith  (Reference  3)  (points  with  error  bars). 
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Tabular  Data  A-3.29.  Total  Phot eabsorni  1  on  (  ross-Sec'  ion?  for  the 

A  -I.  +  —  p  -2. ,  Transition  of  NY,  .  Hal  t  nrr-ann 
‘..11 

Averaged  Over  \i Irrational  Levels. 
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Tabular  Data  A-3. 30.  Total  Photoabsorpt ion  Cross-Sect  ions  for  the 

9  +  T  +  + 

A  “I,  —  D  hT,  Transition  of  Ar„  .  Boltzmann 

-2g  2 

Averaged  Over  vibrational  Levels. 
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Tabular  Data  A-3.31.  iotai  Photoabsorption  Cross-Sect i cns  for  the 

A  ‘I,  +  —  I'  h*  Transition  r:  Kr-,+  .  Be  1  1  zr.a: 


ac  'j  '.'c  1  c  I  t  t  . 
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Tabular  Data  A-3. 32.  Total  Photoabsorption  Cross-Sections  for  the 

A  —  P  “Ti  +  Transition  of  Xe0+.  Boltzmann 

Averaged  Over  Vibrational  Levels. 
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Tabular  Data  A-3.33.  Photoabsorption  Cross-Sections  for  the  A  -  D 

Transition  of  A^*  as  a  Function  of  Vibrationa]  Level. 
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Tabular  Data  A-3,34 
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Graphical  Data  A-3.36.  Total  Photoabsorption  Cross-Sections  for  the  A  z^u  + 

D  2zt  Transition  of  Ne0+. 
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Graphical  Data  A-3.37.  Total  Photoabsorption  Cross-Sections  for  the  A  ^zt 

,  +  4-  TC 

D  Transition  of  Ar,  . 
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Graphical  Data  A-3.39.  Total  Photoabsorption  Cross-Sections  for  the  A 

+  .  -ju 

D  Transition  of  Xe0  . 
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TOTAL  ABSORPTION  CROSS-SECTION 
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Graphical  Data  A-3.4  3.  Comparative  Cross-Sections  for  the  A  E^  -+  D 

Transition  of  K^"*"  at  300°K.  References  5,  4,  3, 


7  and  2 . 
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Tabular  Data  A-3.45.  Density  Functional  Potential  Energy  Curves  for  Hg2.  Energies 

in  eV  relative  to  V(®)  =  0.  E(“)  =  -39192.46852  hartrees  for 

the  relativistic  and  E(®)  =  -36817.69215  hartrees  for  the  non- 
relativistic  calculations. 
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Tabular  Data  A- 

3.46.  Spectroscopic  Constants  for  Hg*  based  on  Relativistic  Density 
Functional  Calculations. 

State  Tg(eV) 

“g (cm  *) 

(a)  X  (cm  ^ ) 
e  e 

i  ° 

ae(cm  rg(A) 

B  (cm-1)  D  (eV) 

e  e 

D  (eV) 
o 

B  1.347 

g 

(vertical 

excitation 

energy,  repulsive 

curve) 

A  V  0.0 

u 

84 . 66 

0.35 

0.00007  3.15 

0.0170  0.667 

0.662 

2625 


R  (bohrs) 


Graphical  Data  A-3.47.  Low-Lying  Potential  Energy  Curves 

(Density-Functional  Method) 


for  Hg+ 


TOTAL  PHOTOABSORPTION  CROSS-SECTION  (A2) 


700  800  900  1000  1100  1200 

\(nm) 


Graphical  Data  A-3.48.  Total  Photoabsorpt i on  Cross-Sections  for  the 

A  ij+  -♦  g  Transition  of  Hg+ 
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R  (Ai 

Graphical  Data  A— 4 . 1  .  Potential  diagram  for  XeCI.  showing  the  slates  of  relevance  to  the  present  study.  Note  the 
different  energy  scales  for  the  three  potential  curves. 
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Tabular  Data  A— 4 . 5  •  Franck -Con Jon  Factors  t  *  1 0 1  >  for  P-.X  System  of  nt;Xe ’’Cl'' 
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Not^:  N*  -  NM  -  50  corresponds  to  the  average  rotational  level 
states  at  temperature  325K.  N'  =  N"  =  0  corresponds  to 
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Tabular  Data  A-4.6.  Results  of  spectroscopic  studies  of  Wieland3 
(All  wavelengths  in  nm) 


on  HgBr^. 


Absorption 

Maximum 

Excitation 

Wavelength 

Fluorescence 

Wavelength 

224 

>210 

none. 

195 

210-190 

505-350 

183 

190-170 

none 

170-160 

290-270 

M.60 

160-150 

270-250 

aK.  Wieland,  Z.  Phys.  76,  801  (1932);  J1 »  157  (1932). 


Tabular  Data  A-4.7.  Results  of  spectroscopic  studies  of  Wieland3  on  HgC^- 

(All  wavelengths  are  in  ran) 


Absorption 

Excitation 

Fluorescenci 

Maximum 

Wavelength 

Wavelength 

>190 

none 

131 

r 

560-340 

169 

.  <190  ' 

290-270 

^150 

265-240 

aK.  Wieland,  Z.  Phys.  76,  801  (1932);  77,  157  (1932). 
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Tabular  Data  A-4.8.  POL  Cl  excitation  energies  (AE}  for  linear  HgCl.  (R(Hg-Cl)  - 
2.275A]and  HgBr,  fR(Hg-Br)  *  2.41A] .  Exper imental^values  are 
given  parenthetically. 


AE  (eV) 


State 

HgCl2 

HgBr2 

11E+ 

o.oa 

0.0b 

g 

i3n 

(2tt 

4a  ) 

4.64 

4.00 

g 

g 

g 

i-'-n 

(2tt 

-*■ 

4a  ) 

4.98 

4.29 

g 

g 

g 

i3n 

(It 

4a  ) 

5.05 

4.35 

u 

u 

g 

13I+ 

(2a 

4a  ) 

5.29 

4.57 

u 

u 

g 

l\ 

<lffu 

-*■ 

4a  ) 

g 

5.46  (6. 20)C 

4.72  (5.64) 

11E+ 

(2a 

4  a  ) 

6.71  (6.85) d 

5.97  (6.36) 

u 

u 

g 

23I+ 

(27T 

2tt  ) 

7.18 

6.33 

u 

g 

u 

13A 

(2tt 

-*• 

2tt  ) 

7.32 

6.47 

u 

g 

u 

l1^ 

(2ir 

2a  ) 

7.34 

6.50 

i4a 

g 

(2tt 

-► 

u 

2rr  ) 

7.48 

6.63 

u 

g 

u 

iV 

(2w 

*+■ 

2tt  ) 

7.50 

6.65 

u 

g 

u 

(2a 

2t t  ) 

8.59  (7 . 32) e 

7.81  (6.75) 

u 

g 

u 

aAbsolute  energy  is  -74.10161  a.u. 

°Absolute  energy  is  -70.50335  a.u. 

CJ.  Maya,  J.  Chem.  Phys .  67_,  4976  (1977). 

dK.  Wieland,  Z.  Phys.  76,  801  (1932);  77,  157  (1932). 

eM.  Wehrli,  Helv.  Phys.  Acta  13,  153  (1940). 
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Tabular  Data  A-4.9.  Hartree-Fock  excitation  energies  (£E)  and  Mulliken  populations 

for  linear  HgCl2  [R(Hg-Cl)  -  2.275A] 


State 

iE(eV) 

Mulliken 

populations 

H£ 

Cl 

,1-+ 
1  L 

g 

o.oa 

11.10 

7.45 

i3r+ 

U 

(la 

u 

4CT  ) 
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5.26 

11.74 

7.13 

iV 
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(2t  -*■ 
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4o  ) 
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5.35 

11.55 

7.23 
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( 2n  -+■ 
g 

4c  ) 
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5.72 

11.52 

7.24 

l\ 

(11Tu“ 

4c  ) 

g 

5.88 

11.54 

7.23 

l\ 

(lTu  * 

4c  ) 
g 

6.22 

11.50 

7.25 

il=; 

(la  - 

u 

4c  ) 
g 

7.67 

11.44 

7.28 

g 

Absolute  energy  is  -74.07968  a.u. 


Tabular  Data  A-4 . 10. Transition  moments  (M)  and  oscillator  strengths  (f)  for  the 
vertical  dipole-allowed  excitations  in  HgCl,  and  HgBr,. 
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ile 
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0.424 
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B. 

HgBr  2 
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A. 
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H g C 1 2  BENDING  CURVES  (C2v ,  R  =  2.27  A ) 


* 

M 


Graphical  Data  A-4.17.  Experimental  energy  level  diagram  for  key  excited  states 

of  HgClj . 
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Intemucleor  Oistonce.nm 

Graphical  Data  A-4,20.  Representative  set  of  ArBr  potential  curves  giving 

good  fits  to  the  experimental  ArBrlB-Xt  and  |C  — A(2)l  contlnua 
Potentials:  Vfo,  =  7.  197 *  106exp(- r(nm)/0.  03G73I  cm'1; 
ViJ  =  1.6175x  10®  exp(—  r/0.  027S8)  cm*1. 


I: 

l 

1 

t 


6 


R(Cd-Cd),  £ 


Graphical  Data  A-4.22.  Theoretical  potential  energy  curves  for  diatomic  cadmium. 

All  states  of  Cd2  dissociating  to  Cd(^S)  +  Cd(-*-S,^P,^P) 
are  included  here. 
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Graphical  Data  A-4.23.  Gerade  states  of  Cd„  including  spin-orbit  coupling 


calibrated  in  relative  units  of  quanta  per  unit 
wavelength  per  unit  time. 


Graphical  Data  A-4.26.  Contributions  of  individual  vibrational  level  to  the  Cd, 

fluorescence  rate  at  675°K,  in  relative  units  of  quanta 
per  unit  frequency  per  unit  time. 


Tabular  Data  A-4.27.  Comparison  between  theory  and  experiment  for  the  lowest 

atomic  energy  levels  (in  cm  of  zinc  and  cadmium.  Note 
3 

that  for  the  P  states  the  present  nonrelativistic  treat¬ 
ment  does  not  distinguish  fine  structure  components. 


Electronic  State 


lSQ  ns2 


PQ  ns  np 


lP^  ns  np 


Theory  Experiment 


28,170 


47,960 


32,310 


32,500 


32,890 


46,750 


Cadmium 


Theory  Experiment 


23,570 


30,110 


30,660 


31,830 


41,790  43,690 


Tabular  Data  A-4.28.  Predicted  spectroscopic  constants  for  the  bound  states  of  Zn ^ 

13  11 

and  Cd^  dissociating  to  S  +  P  and  to  S  to  P  separated  atom 


limits.  Excitation 

energies  Tg 

are  given 

relative  to 

two  ground 

state  metal 

atoms. 

Electronic 

T 

Adjusted 

0 

State 

(eV) 

T  (eV) 

re(A) 

D  (eV) 
e 

__  J 

o)e(cm  ) 

2  1I  + 
g 

5.41 

c  - 

5.26 

2.96 

0.55 

108 

1n 

U 

5.01 

4.86 

2.62 

0.95 

175 

v 

4.93 

4.78 

2.90 

1.01 

115 

xn 

g 

3.55 

3.40 

2.51 

2.40 

204 

3e  + 

u 
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3.31 

2.73 

0.  74 

154 

\ 

2.57 

3.13 

2.57 

0.92 

175 

2  h* 

g 

4.47 

4.71 

3.29 

0.72 

77 

v 

4.22 

4 . 46 

3.24 

0.96 

78 

xn 

u 

4.17 

4.40 

2.95 

1.02 

119 

ln 

g 

3.01 

3.25 

2.84 

2.17 

137 

3i  + 
u 

2.23 

3.18 

3.06 

0.70 

104 

3n 

8 

2.12 

3.07 

2.91 

0.80 

116 
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Tabular  Data  A-4.31.  Calculated  Spectroscopic  Constants  for  LiCa 


State 

Te(eV) 

u)e(cm_1 ) 

u,eXe(cm"'1 ) 

ae(cm_1 

)  rfi(A) 

Be(cm_1) 

De(eV) 

D0(eV) 

b2i+ 

1.17 

197.44 

0.96 

.0009 

.195 

3.822 

.765 

.752 

A2/7 

1.08 

252.44 

1.29 

.0019 

.274 

3.226 

.882 

.866 

X2i+ 

0.00 

93.36 

7.32 

.0119 

.189 

3.883 

.072 

.067 

Tabular  Data  A- 

-4.32.  Experimental  vs. 

Calculated  Spectra  for  LiCa 

Wavelength 

(microns) 

Relative 

Intensity 

vl 

b2:+  - 

\T 

X2: + 

x  i 
calc 

x  . 
obs 

1  calc 

lobs 

0 

0 

1.0472 

1 .0470 

1 .0 

1 .0 

0 

1 

1.0531 

1.0527 

.53 

.6 

0 

2 

1.0593 

1.0587 

.18 

.1 

0 

3 

1  .0657 

— 

.03 

— 

l 

0 

1  .0263 

— 

.12 

— 

l 

1 

1  .0320 

— 

.07 

— 

l 

2 

1 .0379 

1  .0380 

.34 

.4 

l 

3 

1  .0441 

1 .0441 

.44 

.5 

A 2n  - 

x2r+ 

3 

0 

1  .0501 

1.0499 

.24 

.3 

3 

l 

1  .0569 

1 .0563 

.28 

.4 

3 

2 

1 .0625 

1 .0627 

.24 

.25 

3 

3 

1 .0679 

1 .0676 

.18 

.15 
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A-5 .  ELECTRONIC  STRUCTURE  AND  SPECTRA  FOR  Li?  and  Na2>  Van  der  WAALS 
COEFFICIENTS  FOR  NEUTRAL  (H,  He,  Ne,  Ar,  Kr,  Xe,  Li,  Na,  K,  Rb  - 
NEUTRAL  INTERACTIONS. 


A- 5 . 1 . 
A-5. 2. 
A-5. 3. 
A-5. 4. 
A-5. 5. 
A-5. 6. 
A-5. 7. 

A-5. 8. 
A-5. 9. 

A-5. 10. 

A-5. 11. 
A-5. 12. 
A-5. 13. 
A-5. 14. 

A-5. 15. 


CONTENTS 


Low-lying  states  of  Li? . 

Potential  energy  curves  for  the  X  state  of  Li2. 
Spectroscopic  constants  for  the  X  1E+  state  of  Li2- 
Potential  energy  curves  for  the  A  state  of  Li„. 
Spectroscopic  constants  for  the  A  * Z+u  state  of  Li2- 


Binding  energy  curves  of  Na2 


Potential  curve  constants  for  low-lying  electronic  states  of 
Na . 


Li2  and  Na2  transition  operators 


Emission  rate  per  cm  transition  energy  interval  and  gain 

cross  sections  (a  )  for  the  1  3Z+  -+  1  3Z+  emission  in  Li0.  .2667 

e'  g  u  2 

Emission  rate  per  cm  1  transition  energy  interval  and  gain 

cross  sections  (o  )  for  the  1  3Z+  -*■  1  3Z+  emission  in  Na„.  .  2667 

e  g  u  2 


Li„  emission  coefficients 


Na„  3T.  emission  coefficients .  2668 

2  g 

Van  der  Waals  formulae  using  Tabular  Data  A-5. 14  and  A-5. 15.  .2669 


Van  der  Waals  coefficients  for  dipole-dipole,  dipole- 
quadrupole,  and  quadrupole-dipole  interactions  for  various 
neutral-neutral  systems .  2670 


Van  der  Waals  coefficients  for  the  dipole-octupole,  quadru- 
pole-quadrupole ,  and  octupole-dipole  interactions  for 
various  neutral-neutral  systems . 
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ft  (BOHR)  R  (BOHR) 

Graphical  Data  A-5 . 1 .  Low-lylnR  states  of  LL  which  correspond  to  the 

Li(2S)  +  Li(2S)  and  the  Li (2S)  +  I,l<2/>)  asymptotes,  and  the  cor¬ 
responding  states  fur  Na:.  The  state  for  each  molecule 
is  not  shown.  However,  it  is  entirely  repulsive  and  lies  Just 
above  the  3fl,  state. 


Tabular  Data  A-5 . 2  .  Comparison  of  potential  energy  curves 
for  the  XiZg  state  of  Li2  obtained  from  10-configura- 
tion  (OVC),  two-configuration  (BC),  and  one-configura 
tion  (HF)  wave  functions  calculated  with  the  LC  basis 

set.  * 


R 

(bo  hr) 

OVC 

BC 

HF 

2.75 

14. 803585 

14.768744 

3.00 

14. 829040 

14.795172 

14. 786389 

3.50 

14. 866614 

14. 835145 

4.  00 

14. 888896 

14. 860103 

14.  852994 

4.50 

14.  899780 

14. 873785 

5.00 

14.903191 

14.880020 

14.871323 

5.50 

14.902088 

14. 881733 

6.00 

14.898482 

14. 880910 

14. 868625 

6.50 

14.893695 

14.878843 

7.00 

14. 888593 

14.876343 

14. 858576 

7.50 

14.883728 

14. 873890 

8.00 

14. 879429 

14. 871739 

14.846781 

8.50 

14. 875855 

14.869987 

9.00 

14.873026 

14.868637 

14.835425 

9.  50 

14. 870890 

14. 867640 

10.00 

14. 869320 

14.866928 

14.825286 

11.00 

14. 867401 

14.866095 

12.00 

14. 866454 

14.865719 

14. 809174 

15.00 

14. 865634 

14.865467 

14.793491” 

17.00 

14. 865528 

14. 865453 

14.  787012” 

20.  00 

14. 865478 

14.865451 

24.  00 

14. 865460 

14.865451 

30.00 

14.865453 

14.b65451 

OO 

14.865451 

14.865451 

*The  tabulated  values  are  the  negative  of  the  total 
energy  in  Hartrce  atomic  units.  Thus  the  energy 
for  the  OVC  function  is  -  14.  803585  e‘/a 0  at 
K=  2.75  o0. 

'‘Calculated  with  the  2.6  basis  set. 


Tabular  Data  A-5 . 3 


Constants  describing  the  X  'r*  state  of  Li 


R.  (A) 

'  D,  (cm’1) 

w,  (cm"1) 

a v*,  (cm"1) 

2.  692 

8297 

347. 1 

3.6 

2.  69 

8173 

348.5 

3.7 

2.93 

3559 

264.3 

4.9 

2,78 

1410 

... 

.  .. 

2.69 

7985 

... 

.  .  . 

2.70 

8000 

•  •  . 

*  *  * 

... 

8450 

351.2 

2.61 

2.673 

8640 

351.4 

2.58 

2.673 

8541 

351.4 

2.58 

2.673 

8600  t  150 

351.4 

2.58 

..  . 

8385 

•  •  . 

•  •  . 

2.  692 

8450  t  100 

... 

.  .. 
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Tabular  Data  A-5.4.  Comparison  of  potential  energy  curves 

{or  the  A  'E*  state  of  Li?  obtained  from  five-configura¬ 
tion  (OVC),  two-configuration  (BC),  anil  one  configu¬ 
ration  (IIF)  wavefunetions  calculated  with  the  LC 
basis  set.  * 


R 

(bohr) 

OVC 

BC 

I!Fb 

3.0 

14.718149 

14. 7159G2 

3.5 

14.  777866 

14.768501 

14.766149 

4.0 

14.  808064 

14. 800253 

14.797400 

4.5 

14. 825722 

14. 818776 

14. 815368 

5.0 

14'.  835118 

14. 828700 

14. 824702 

5.5 

14. 839270 

14. 833218 

14. b28353c 

6.0 

14.840141 

14.834385 

14. 828980 

6.5 

14.838986 

14.833507 

14. 827303 

7.0 

14. 836612 

14.831418 

14. 824398 

7.5 

14. 833544 

14.820826 

8.0 

14. 830134 

14. 825598 

14. 816927 

8.5 

14.826615 

14.822499 

14. 812890 

9.0 

14.  823148 

14.819429 

14. 808820 

9.5 

14.819863 

14.816579 

14.  804778 

10.0 

14.816769 

14.813992 

14.800803 

11.0 

14.811520 

14.  809635 

14. 793169 

12.0 

14.  807556 

14. 606426 

14.786079 

15.0 

14.801699 

14.801534 

14.768749 

17.0 

14.  800247 

14.800200 

14.760392 

20.0 

14. 799243 

14. 799234 

14.751672 

24.0 

14.798623 

14.798621 

14.744889 

30.0 

14.798215 

14.798215 

14.739492 

OO 

14.797794 

14.797794 

*The  tabulated  values  are  the  negative  of  the  total 
energy  in  Hartree  atomic  units.  Thus  the  energy 
for  the  OVC  function  is  -  14. 777606  e"/i/0  at 
R  =  3.  5  a0. 

'’Calculated  with  the  Ltj  basis  set. 

'This  entry  corresponds  to  R  =  5.  45  bohr,  not 
R=  5.  5  bohr. 


Tabular  Data  A-5.5.  Constants  describing  the  A  lZj  state  of  Lij. 


R.  (A) 

D,  (cm'1) 

w,  (cm'1) 

w,x,  (cm'1) 

3.13 

9299 

254 

1.7 

Our  L 

3.15 

9030 

246 

1.7 

Our  L 

3.15 

7666 

249 

2.0 

Our  L 

3.08 

6879 

278 

2.8 

Our  L 

3.17 

7259 

255 

... 

Pseud 

3.02 

6104 

.  .  . 

.  .  . 

Calcu 

... 

9000 

231.5 

1.5 

Specti 

3.1 

9469 

255.5 

1.6 

Absor 

3.108 

8940 

255.4 

1.6 

Absor 

Hcs 

•  .  . 

9400  *  100 

... 

... 

E  sea 
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Tabular  Data  A-5.6.  Binding  energy  curves  of  Na2* 


R  (bohr) 

x'e;  wo* 

*  3Z"  <K4)“ 

A  'Ej  M41c 

A3 r;  (ff4)c 

a3n„  (U3)d 

r3n,  <r3)a 

s' n„  (P3id 

C  'n,  153)* 

3.8 

0.0224100 

0.  078329H 

0.  0401706 

0.  0072987 

0.0871323 

0.0623604 

0.0741635 

4.0 

0.0114145 

0.  0(»(»3*180 

0.  0271564 

0. 0524699 

-0.0032727 

0.0499107 

0.0619211 

4.25 

0.0004872 

0. 0539591 

0.0135610 

0.0373469 

-  0. 0136951 

0. 0601793 

0. 0370353 

0.  0492223 

4.5 

-0.0079819 

0. 0437298 

0.0023028 

0. 0246926 

-0.0217599 

0.  0*487826 

0.0265106 

0. 0387084 

4.75 

-0.0144335 

0.0352223 

-0.0070001 

0.0141697 

-0.0279448 

0.  039330*4 

0.0179421 

0.0299463 

5.0 

-0.0191835 

0.0281544 

-0.0146076 

0.0055356 

-0.0325664 

0. 0315971 

0.0110747 

0. 0226750 

5.5 

-0.0240140 

0.0175203 

-0.0255618 

-0.0069751 

-0.  0380776 

0.0202801 

0. 0015394 

0.0118087 

6.0 

-0.0200810 

0.0101490 

-  0.  0320663 

-0.01  15698 

-0.03986  12 

0.  01328-19 

-  0.0036661 

0. 0047240 

6.5 

-0.0250240 

0.0058723 

-0.0353761 

-0.0187284 

-  0. 0391389 

-  0. 0059074 

0.0002948 

7.0 

-0.0225012 

0.0029853 

-0.0364600 

-0.0205817 

-0.0368023 

0. 0072459 

-  0. 0062284 

-0.0023576 

7.5 

-0.0192099 

0.0012173 

-  0. 0360270 

-0.0209326 

-0.0335107 

0. 0003997 

-  0. 0054135 

-  0. 0038642 

8.0 

-0. 0158030 

0.0001758 

-0.0345818 

-0.0203351 

-0.0297304 

0. 0001066 

-0.0040323 

-  0.  0046438 

8.5 

-0.  0126218 

-0.00010  14 

-0. 0324850 

-0.0191703 

-0.0258028 

0. 000 1 170 

-  0. 0024  960 

-0.0049754 

9.0 

-0.0097541 

-  0. 0000857 

-0.0299892 

-0.0176825 

—  0. 0219548 

0. oooooi  1 

0. 0010319 

-0.11050241 

10.  0 

-0.  0054302 

—  0. 0008170 

-  0.  02  14925 

-0.0144403 

-0.0151681 

0. 0053108 

0. 0010863 

-0.0047213 

11.0 

-0.0029344 

—  0. 0000903 

-0.0190797 

-0.  0114105 

-0.0100529 

0. 0043927 

0. 0020914 

-0.0041652 

12.0 

-0.0014490 

-  0. 0005208 

-0.  Ill  13060 

-0.0089138 

-0.0066293 

0. 0035381 

0. 0023590 

-  0. 0035586 

13.0  . 

-0.0007634 

-0.0003707 

-0.0104512 

—  0. 0069805 

-U.  0014989 

0. 0028472 

0.0022575 

-  0. 0029807 

15.0 

-0.0002288 

-0.0001799 

-  0.0055549 

-0.0044197 

-0.0023883 

0. 0010075 

0.  0017638 

-0.00204  92 

Tabular  Data  A-5.7.  pi»ti-nl irt|  i  iha»-  rniM;mls  t « » r  low -king  «* I « *t‘l mnic 


hf  ate*- 

\;r 

State 

Source* 

I),  (I'm'1) 

«,  (Ai 

A'r; 

.V!iA  (  ,  1~  ronlin. 

.vi:> 

3.17  1 

b  hi.- a  'r;  sr«  c  i. 

:,[)*>> »  L*ub 

:t.  o79 

MCSCI-,  SIII1W 

5901 

15.  1 7)c 

Valence  elect,  model 

0372 

2.  95 

IVeuilopotentlal,  H.JN 

0700 

3.  04 

*  X 

A'y/H,  -I  con  fig. 

ISO.  2 

5.  200 

Valence  elect,  nun  lei 

80 

5.8 

I'seudopotential,  liJN 

44 

5 . 3 

a ’ll. 

A91/3,  II  config. 

87  55 

3.21 

Valence  elect,  model 

w;8o 

2  77 

PseudoiHitcntial ,  H.1N 

9300 

3. 09 

b  X 

Si) HA ,  4  config. 

4599 

3. 91 

Valence  elect.  model 

0210 

3.  42 

a  'r; 

Si)  A  A ,  A  config. 

hooo 

3.740 

Sj  *cctroscopic,''~' 

71*53.  8275 

3.038 

Ml  SVK,  snmv: 

8930 

CL781C 

Valence  elect,  model 

M0C»(i 

3.49 

Pseudopotenlinl.  ItJN 

7(i00 

3.00 

B  'll. 

All  motive  we  11 

.M «B3,  .i  conlig. 

1380 

3  03 

S|hcI. 

2(»4  2 

3.413 

mcsci ,  siutw7 

l  abound 

(4. 0)c 

Valence  elect,  model 

4033 

3. 44 

Pseudojx>tent ial,  HJN 

1910 

3.34 

s'n. 

Long-range  hump4 

SUB'S,  3  config. 

520 

0.45 t  0.  10 

b  'ii.— x  'r;  siwci. 

474 

>  5.  73 

s 'p.-a 'r;  A 

554  *  120 

? 

Mc'sck,  sunw: 

(5.4  ic 

c'n. 

A'9S3,  3  config. 

not 

4  0  9 

Valence  elect,  model 

1450 

1 . 54 

■The*  first  entry  lor  each  state  corresponds  to  our  Ml  SCK  wave 
function  described  in  part  in  Table  II. 

‘‘Obtained  from  an  extrapolation  from  v"  -  4  5  which  lies  at 
5*4 2rt  cm"1. 

cValues  estimated  based  on  SHIHV  data 

dThe  energy  listed  under  the  Dt  column  is  the  hump  height, 
the  value  lis  ^  in  the  Ra  column  is  the  position  of  the  hump. 

Valence  Elec.  Model:  A.  C.  Roach,  J.  Mol.  Spectrosc.  42,  27  (1972). 

Pseudopotential,  BJN:  J.  N.  Bardsley,  B.  R.  Junker  and  D.  W.  Norcross, 

Chem.  Phys.  Letts.  37,  502  (1976). 

8  lfIu  _  x  1Eg  spect:  P.  Kusch  and  M.  M.  Hessel,  J.  Chem.  Phys.  68,  2591  (1978) 

MCSCF,  SHBW:  W.  J.  Stevens,  M.  M. Hessel,  P.  J.  Bertoncini  and  A.  C.  Wahl, 

J.  Chem.  Phys.  66,  1477  (1977). 

B  lnu  ~  x  1  Eg  spect.  A:  W.  Demtroder  and  M.  Stock,  J.  Mol.  Spectrosc.  55,  476 


Tabular  Data  A-5.8. 

tors.* 


Li]  and  Na}  transition  opera- 


R 

u, 

-3i; 

Na, 

5zi- 

Ll, 

-sn„ 

Na2 

3 

3.  223 

0.593 

4 

3.  815 

1.087 

0.  857 

4.6 

0.983 

S 

4.  122 

4.163 

1.141 

1.  065 

S.6 

4.  274 

1.100 

6 

4.20S 

4.345 

1.032 

1.086 

6.6 

4.380 

1.035 

7 

4. 149 

4.385 

0.  843 

0.  975 

7.5 

4.  362 

0.694 

6 

4.012 

4.  327 

0.635 

0.808 

6.6 

4.  275 

0.715 

9 

3.863 

4.224 

0.  444 

0.  621 

10 

3.734 

0.303 

0. 430 

11 

3.638 

4.  001 

0. 199 

0.284 

12 

3.919 

0.110 

0.174 

13 

3. 857 

0. 112 

IS 

3.789 

0. 0573 

0.  053 

17 

0. 0258 

18 

3.735 

20 

3.403 

0. 0137 

21 

3.713 

24 

3.  387 

0. 0073 

30 

3.  377 

0. 0056 

*ln  atomic  units,  eao  *  1  electron-bohr. 


The  transition  operator  is 


y  =  Y  e,_  z, 
k 


for  parallel 


V 


±1 


I 

k 


transitions  and 


*Viyk 

/2 


for  perpendicular  transitions 


Formulae  A-5.13.  Van  der  Waals  formulae  using  Tabular  Data  A-5.14  and  A-5.15. 


The  long  range  dispersion  energy  between  two  spherically  symmetric  atoms 
A  and  B  at  separation  r  is  (Refs,  a,  b,  c  below). 

»  00  C  (U  ) 

uAR(r>  -  -  I  I  —  »  (1) 


£1=1  £2=1 


2(£1+£2+l) 


where  C4D(£. £»)  is  the  dispersion  force  coefficient  corresponding  to  the 

u  A®  il  2 

2  •*— pole-2  ^-pole  interaction.  u._(r)  can  also  be  expressed  as  a  power  series 

Aii 

of  the  inverse  of  r, 

,  ,  ,6  ,8  ,10 

UAB(r)  =  c6/r  "  c8/r  '  C10/r  ’  (2) 

where  the  van  der  Waals  coefficients  c^,  Cg,  and  c^q  may  be  written 


C6  "  CAB<n)> 


C8  ‘  CAB<12)  +CAB<21>- 


C10  *  CAB(U)  +CAB<22>  +W31)- 


Cg  describes  the  dipole-dipole  interaction,  Cg  the  quadrupole ,  and  the 
dipole-octupole  interactions. 


aJ.  0.  Hirschfelder  and  W.  M.  Meath,  Adv.  Chem.  Phys.  .12,  1  (1967). 

^H.  Margenau  and  N.  Kestner,  Theory  of  Intermolecular  Forces  (Pergamon,  London, 
1967) . 

CR.  Eisenshitz  and  F.  London,  Z.  Phys.  60_,  491  (1930). 
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Tabular  Data  A-5.14.  Van  der  Wants  coeltlcients  lor  di|>oJe-di|ioJe.  dipoie-quadrupole,  and  quadru- 
pole— dipole  interactions  and  coefficients  c6  and  c 8  (in  atomic  units). 


CAS  (U> 

A% 

CAB  <>-) 

Cab  <-!> 

Ca 

H-He 

28. 11(—  1) 

0.31 

13.00(0) 

28.66(0) 

41.66(0) 

0. 16 

-Ne 

57.  83(—  1) 

-1.28 

33.  98(0) 

59.70(0) 

93.74(0) 

-  1.95 

-Ar 

20. 18(0) 

-0.89 

22.60(1) 

20.08(1) 

42.68(1) 

-2.08 

-Kr 

28.86(0) 

-  1 . 25 

35. 16(1) 

28.4111) 

63.57(1) 

-2.35 

-Xe 

41.  13(0) 

-0.56 

55.88(1) 

39.65(1) 

95.53(1) 

-3.05 

-Li 

66.02(0) 

0.57 

26.  96(2) 

57.08(1) 

32.67(2) 

-0.01 

-Na 

69.90(0) 

2.64 

33.78(2) 

00.52(1) 

39.83(2) 

-0.01 

-K 

10.  53(1) 

3.41 

78.77(2) 

90.66(1) 

87.84(2) 

-0. 14 

-Rb 

12.03(1) 

6.04 

95.15(2) 

10.37(2) 

10.55(3) 

-0.11 

-Cs 

14.20(1) 

7. 17 

14.09(3) 

12.22(2) 

15.31(3) 

-0.82 

He-Ne 

31. 59(—  l) 

-0.93 

18.24(0) 

15.22(0) 

33.46(0) 

-2.59 

-Ar 

97.  86(—  1) 

0.34 

11.16(1) 

46. 12(0) 

15.77(1) 

-2.56 

-Kr 

13.56(0) 

0.28 

16.86(1) 

63.56(0) 

23.  22(1) 

-2.51 

-Xe 

18.  18(0) 

0.65 

26.45(1) 

84.37(0) 

34.88(1) 

-3.53 

-LI 

21.98(0) 

2.72 

97.06(1) 

98.27(0) 

10.69(2) 

0.43 

-Na 

23.36(0) 

4.27 

12.  18(2) 

10.44(1) 

13.23(2) 

0.18 

-K 

34.72(0) 

8.62 

27.53(2) 

15.50(1) 

29.08(2) 

0.36 

-Rb 

39.82(0) 

13.42 

33. 14(2) 

17.79(1) 

34.92(2) 

0.60 

-Cs 

46. 73(0) 

15.94 

48.26(2) 

20.86(1) 

50.35(2) 

0.15 

Ne-Ar 

20. 65(0) 

0.26 

23.64(1) 

12.01(1) 

35.65(1) 

-3.47 

-Kr 

28.40(0) 

1.03 

35.48(1) 

16.57(1) 

52.05(1) 

-3.22 

-Xe 

37.57(0) 

0.61 

55.47(1) 

22.03(1) 

77.50(1) 

-4.16 

-Li 

43. 19(0) 

1.84 

19.30(2) 

25.84(1) 

21.89(2) 

-0.  85 

-Na 

45.91(0) 

3.76 

24.23(2) 

27.46(1) 

26.98(2) 

-1.05 

-K 

68.  11(0) 

9.06 

54.48(2) 

40.78(1) 

58.56(2) 

-0.62 

-Rb 

78.  17(0) 

14.84 

65.56(2) 

46.79U) 

70.24(2) 

-0.15 

-Cs 

91.64(0) 

17.43 

95.23(2) 

54.87(1) 

10.07(3) 

-0.46 

Ar-Kr 

94.29(0) 

0.00 

11.63(2) 

10.64(2) 

22.27(2) 

-2.80 

-Xe 

12.94(1) 

0.  04 

18.34(2) 

14.53(2) 

32.86(2) 

-3.49 

-Li 

17.27(1) 

1.31 

74.34(2) 

18.91(2) 

93.  25(2) 

-0.60 

-Na 

18.33(1) 

3.02 

93.25(2) 

20.  07(2) 

11.33(3) 

-0.59 

-K 

27.36(1) 

6.30 

21.29(3) 

29.  93(2) 

24.29(3) 

-0.23 

-Rb 

31.34(1) 

10.20 

25.66(3) 

34.30(2) 

29.09(3) 

0.28 

-Ca 

36.85(1) 

12.67 

37.57(3) 

40.31(2) 

41.60(3) 

-0.13 

Kr-Xe 

18.44(1) 

-0.23 

25.83(2) 

22.52(2) 

48.36(2) 

-3.47 

-Li 

25.77(1) 

0.51 

10.95(3) 

30.53(2) 

14.01(3) 

-4.64 

-Na 

27.33(1) 

2.74 

13.74(3) 

32.39(2) 

16.98(3) 

-0.83 

-K 

40.88(1) 

5.59 

31.52(3) 

48.38(2) 

36.36(3) 

-0.51 

-Rb 

46.  80(1) 

9.  13 

38.01(3) 

55.41(2) 

43.55(3) 

-0.06 

-Ca 

55.08(1) 

11.30 

55.  60(3) 

65. 17(2) 

62.  32(3) 

-0.50 

Xe-Li 

40.30(1) 

0.25 

16.65(3) 

49.42(2) 

21.59(3) 

-0.67 

-Na 

42.69(1) 

2.54 

20. 87(3) 

52.42(2) 

26. 11(3) 

-0.58 

-K 

64.16(1) 

8.21 

48.43(3) 

78.37(2) 

56.27(3) 

-0.33 

-Rb 

73.34(1) 

6.69 

58.47(3) 

89.74(2) 

67.44(3) 

0.04 

-Cs 

86.  52(1) 

8.44 

86.36(3) 

10.56(3) 

96.92(3) 

-0.48 

Li-Na 

14.48(2) 

0.  10 

52.43(3) 

44.18(3) 

96.61(3) 

0.47 

-K 

23.20(2) 

-0.01 

13.60(4) 

68.61(3) 

20.46(4) 

0.47 

-Rb 

26.  00(2) 

-0.38 

16.62(4) 

77.64(3) 

24.38(4) 

-0.68 

-Cs 

31.66(2) 

-0.  50 

26.24(4) 

93.07(3) 

35.  35(4) 

-1.56 

Na— K 

24.14(2) 

-0.  18 

14.25(  i) 

85.48(3) 

22.80(4) 

0.46 

-Rb 

27.  07(2) 

-0.63 

17.41(4) 

96.75(3) 

27.06(4) 

-0.05 

-Cs 

32.93(2) 

-0.70 

27.44(1) 

11.60(4) 

39.03(4) 

-1.01 

K-Rb 

43.51(2) 

-0.01 

27.32(1) 

25.21(4) 

52.53(4) 

-0.57 

-Cs 

53.14(2) 

-  0.  25 

43.35(1) 

30.36(4) 

73.71(4) 

-1.25 

Rb-Cs 

59.  10(2) 

-0.00 

18.79(4) 

37.  14(4) 

85.93(4) 

-  1.69 

4:  Fractional  percent  deviations  from  K.  T.  Tang,  Phys.  Rev.  177,  108  (1969). 
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Tabular  Data  A-5.15.  Van  der  Wants  coefficients  for  the  dipolc-oetupole. 


quadrupote-qundrupole,  and  oetupole— dipole  Interactions  and 
coefficient  c10  (in  atomic  units). 


CAB  US) 

Cab 

^ A3 

rid 

At 

H-He 

99.22(0) 

24.99(1) 

51.09(1) 

86.01(1) 

0.60 

-Ne 

2-'.  5-1(1) 

65. 18(1) 

10.73(2) 

20.  20(2) 

-  1.35 

-Ar 

39.47(2) 

42.22(2) 

35.37(2) 

11.71(3) 

-  1.61 

-Kr 

56.25(2) 

65.  06(2) 

49.  80(2) 

17. 11(31 

-  1.79 

-Xe 

89.00(2) 

10.29(3) 

28.  82(2) 

26. 08(3) 

-2.38 

-Li 

15.61(4) 

44.92(3) 

94.57(2) 

21. 04(4) 

0.  12 

-Na 

21.53(4) 

56.32(3) 

10.03(3) 

28. 16(4) 

-3.09 

-K 

55.68(4) 

12.97(4) 
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12.47(5) 

-4.09 

-K 
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-Cs 

50.  55(5) 
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10. 50(4) 

63.  98(5) 

-  16.48 

Xe-Li 

96.75(4) 

36.  33(4) 

79.27(3) 

14.  40(5) 

-0.98 

-Na 

13.35(5) 

40.  32(4) 

84.00(3) 

19.  12(5) 

-3.71 

-K 

34.38(5) 

11.31(5) 

12.  58(4) 

46.  94(5) 

-2.05 

-Rb 

42.54(5) 

13.63(5) 

14. 40(4) 

57.61(5) 

-0.66 

-Cs 

76.01(5) 

20.00(5) 

16.  94(4) 

97.70(5) 

-  14.44 

Li-Na 

30.69(5) 

34.  10(5) 

23. 57(5) 

88.  36(5) 

-0.08 

-K 

87 . 05(5) 

84.43(5) 

36. 34(5) 

20.  78(6) 

-0.  27 

-Rb 

11.01(6) 

10.  26(6) 

41.22(5) 

25. 43(6) 

-  0 . 24 

-Cs 

17.  18(6) 

15.73(6) 

49.  21(5) 

39.  13(6) 

-  1 . 34 

Na-K 

91.42(51 

10.  51(6) 

19.  7M  5) 

2  l.  661  (•) 

0.58 

-Rb 

11. 59(6) 

12.81(6) 

56.  46(5) 

;io.  o:.(ii) 

0.  17 

-Cs 

18.39(6) 

10.  62/ o) 

67,  43(5) 

ii.  7i,(b) 

-0.  81 

K-Rb 

18.01(6) 

32.27(6) 

16. 07(6) 

66.  3*i(6) 

-  0 . 00 

-Cs 

28.  35(6) 

40.  03(6) 

10. 26(61 

07. 54(6) 

-  0.34 

Rb-Cs 

32.  1 5(»») 

60. 8H(6) 

24.  J8{«.) 

,  11.75(7) 

-0.  18 

A:  Fractional  percent  deviations  from  K.  T.  Tans,  Phvs.  Rev.  177,  108  (1969). 
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Introduction 


The  processes  of  interest  here  are  the  two-  and  three-body  mechanisms 
which  may  respectively  be  written: 

X+  +  Y"  -*  [X  +  Y] 

X+  +  Y"  +  Z  -  [X  +  Y]  +  Z 

The  square  brackets  indicate  that  the  species  may  remain  associated  after 
recombination.  They  may  also  be  excited.  Data  for  the  two-body  case  are 
presented  as  a  two-body  rate  in  units  of  cm3  s~3.  Data  for  the  three-body 
case  are  normally  presented  in  the  form  of  a  two-body  rate  for  recombination 
(cm3  s"3)  as  a  function  of  the  total  gas  density;  density  is  often  expressed 
as  the  ratio  N/Nj_  where  N  is  the  density  (cm_3)  and  is  Loschmidt's  number 
(2.69  x  1019  cm~3,  the  number  density  at  STP) . 

The  data  presented  in  Figs.  1-47  of  this  section  are  the  results  of 
computations  by  Hoffman  and  Moreno  (see  ref.  12  below).  The  computations 
involved  the  theoretical  work  of  M.  R.  Flannery  (see  ref.  5  below).  We  are 
grateful  to  Drs .  Hoffman  and  Moreno  for  permission  to  use  their  data. 

Figs.  48  and  49  present  theoretical  data  to  be  published  by  M.  R.  Flannery 
in  1981.  The  references  in  the  figure  legends  refer  to  Flannery's  1981  paper. 
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Data  Needed:  Experimental  rate  coefficients  for  three-body  recombination 
in  pure  gases  and  gas  mixtures  at  high  pressures  with  positive  identifi¬ 
cation  of  the  recombining  ionic  species.  "High  pressure"  means  pressures 
from  1  Torr  to  the  highest  possible  value. 
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Fig.  B-l.A.  1.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  B r,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  3.  Ion-ton  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt's  number.  The  results  for 
S  *  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  5.  Ion-ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt^s  number.  The  results  for 
$  =  F,  Cl,  B r,  and  I  are  denoted  respectively  by  dots, 
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Fig.  B-l.A.  6.  Ion-ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  *  F,  Cl,  Br,  and  1  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmfdt's  number.  The  results  for 
S  -  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A. 


Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-1.A.  11.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  bv  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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I  on- 1  on  Recombination 
Rate  Constant^ 
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Fig.  B-l.A.  12.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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I  on- 1  on  Recombination 
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Fig.  B-l.A.  13.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fiq.  B-l.A.  14.  I  on- Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  *  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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q.  B-l.A.  15.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  1  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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I  on- 1  on  Recombination 
Rate  Constant^ 
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L  Fig.  B-l.A.  16.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
Y  S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 

‘s  dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A. 


Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt's  number.  The  results  for 
S  *  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A,  18.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  s  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  clashes. 
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Fig.  B-l.A.  19.  Ion-ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  21.  lon-lon  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmtdt's  number.  The  results  for 
S  *  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  22.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  tong  dashes. 
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Fig.  B-l.A.  23.  Ion-ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmidt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  24.  Ion-ton  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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25.  Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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I  on- 1  on  Recombination 
Rate  Constant^ 

R+  +  S  +  T  =  RS  +T 


.A.  26.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  8-1. A.  27.|on-!on  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  28.  lon-lon  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  29 


Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-1 .A.  30.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  32.  Ion-Ion  recomb  I nat Ion  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt's  number.  The  results  for 
S  =  F,  Cl,  8r,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  33.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  b-I.a,  34.  Ion-Ion  recomb Inat Ion  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  1  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B.l.A.  35.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmidt's  number.  The  results  for 
S  3  F,  Cl,  Br,  and  I  are  denored  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A. 


Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B , 1 . A. .  37 .  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt’s  number.  The  results  for 
S  *  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  oashes,  and  short  and  long  dashes. 
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Fig.  B-l.A. 


I  on- 1  on  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  39.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  R-l.A.  40.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  41.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normal Ized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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42.  Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  1  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fip.  B-l.A.  43.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  44 .  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  loschmldt’s  number.  The  results  for 
S  =  F,  Cl,  Brf  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A. 


46.  Ion-Ion  recombination  rate  constants  for  the  Indicated 
processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt’s  number.  The  results  for 
S  s  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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Fig.  B-l.A.  47.  Ion-Ion  recombination  rate  constants  for  the  Indicated 

processes  and  gases  as  a  function  of  neutral  gas  density 
normalized  by  Loschmldt's  number.  The  results  for 
S  =  F,  Cl,  Br,  and  I  are  denoted  respectively  by  dots, 
dashes,  dots  and  dashes,  and  short  and  long  dashes. 
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48.  Recombination  rate  coefficient  a(cm  s  at  300  K  for  (Kr  -F  )  in  Ar,  as  a  function  of  gas  density 

N  (in  units  of  Loschmidt's  number  density  =  2.69  10^9  at  STP)  .  - :  Flannery  (1981). 

X:  Universal  Monte-Carlo  (Hard-Sphere)  Plot  (Bates  1980).  0:  Monte-Carlo  (Polarization)  results 

(Morgan  et  al.  1981). 
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Explanation  of  Tables 

The  following  section  contains  information  pertaining  to  ion-molecule 

reactions  of  the  general  form  A+  +  B  ->  C+  +  D.  Excluded  from  consideration 

for  example  are  the  following  types  of  reactions: 

4“^  4“ 

A  +  B  -*■  A  +  B  Excitation  transfer 


A  +  B  ->  A  +  B  +  E 


Quenching 

and  A+  +  B  -*  A  +  B+  Single  charge  transfer 

If  a  certain  reaction  is  not  located  in  the  ion-molecule  section,  check 
the  charge  transfer  section  also.  Some  overlap  in  the  two  categories  is  un¬ 


avoidable  and  due  to  space  limitations  there  is  only  one  listing  of  each  reaction. 

+  k  + 

The  reaction  A  +  B  ^  C  +  D  is  described  as  a  bimolecul.ar  reaction.  The 
concentration  of  A+  obeys  the  first  order  linear  differential  equation 
d[A+]/dt  =  -k[A+][B]. 

3  3-1 

The  usual  units  for  k  are  cm  / (molecule ‘sec)  abbreviated  as  cm  s  .  The 

+  -3 

concentrations  [A  ]  and  [B]  are  in  units  of  (molecules  ’em  ). 

+  k  + 

The  reaction  A  +  B  +  M  C  4-D  +  Mis  known  as  a  termolecular  reaction  and 

I  |  ^  2 

obeys  the  equation  d[A  ]/d t  =  -k[A  ][B][M].  The  units  of  k  are  cm  /(Molecule  -see) 
abbreviated  as  cm^  s  ^ .  Where  several  reaction  channels  are  possible  the  prob¬ 
ability  of  a  certain  reaction  channel  is  described  by  the  product  ratio.  If 

all  the  possible  reaction  channels  are  given  by  the  following: 

kL 

A+  +  B  -*  C+  +  D  (1) 


K2  + 

■+  E  +  F 


(2) 


3  + 

-v  C  +  H 


(3) 


the  product  ratio,  [i.e.  probability  of  the  reaction  following  channel  (3)], is 


given  by  k^/(k1+k2+k^) . 
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Calculated  Rate  Coefficients 


Langevin  values  for  rate  coefficients  are  calculated  from  the  formula 


1 


k^  =  2ne(  —  )  where  k^  is  the  Langevin  rate  coefficient,  e  is  the  electronic 
charge,  a  is  the  electric  polarizability  of  the  neutral  molecule,  and  m^  is 
the  reduced  mass.  The  formula  is  derived  assuming  that  the  long  range  inter¬ 
action  potential  is  due  to  the  ion-induced  dipole  force  [M.  McFarland,  D.  L. 
Albritton,  F.  C.  Fehsenfeld,  E.  E.  Ferguson,  and  A.  L.  Schmeltekopf ,  J.  Chem. 
Phys.  .59,  6620  (1973)].  ADO  (Average  Dipole  Orientation)  values  are  calculated 
for  the  case  where  a  molecule  has  a  dipole  moment.  This  calculation  takes  into 
account  both  the  dipole  moment  of  the  molecule  and  the  ion- induced  dipole  moment, 
[see,  for  example,  T.  Su  and  T.  Bowers,  J.  Chem.  Phys.  Jj8,  3027  (1973)]. 

Langevin  and  ADO  values  are  considered  accurate  in  the  region  where  the 
ion  energy  approaches  thermal  energy.  In  this  respect,  they  can  be  considered 
asymptotic  values  in  the  low  energy  region  when  the  potential  has  certain  long 
range  features,  k^  and  k^^  are  the  classical-model  gas-kinetic  upper  limits 
that  assume  unity  reaction  probability  for  the  collisions  of  ions  with  nonpolar 
and  polar  molecules,  respectively.  The  designation  k^  and  k^^  for  Langevin 
and  ADO  values  of  the  rate  coefficient,  respectively,  are  used  throughout 
this  section. 
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Tabular  Data  B-l .  B-l . Individual  reaction  cross  sections  for  the  two  spin 

orbit  states  Ar+  (  2P )  and  Ar+  (2p(/. ).  Ratios  of  the 
reaction  cross  sections  are  given  as "a  function  of  relative 
collision  energy. 


Reactions: 

Ar+(2p  )  + 

H2 

o(  V  2) 

Ar  H+  + 

H 

and 

Ar+(2p3  )  + 

H2 

o(  3/  2) 

Ar  H+  + 

H 

£c.„.  <eV> 

0.048 

0.  095 

0.238 

0.476 

o<l/2)/o<3/2)* 

l .  5*i 

1.47 

1.59 

1.44 

Ratio  of  the  reaction  cross  sections  as  a  function  of  relative  collision 
energy. 


Reactions : 


Ar+(2p,  ) 
Ar+(2p  ) 


+  D, 


+  D„ 


o(1/2) 

*(3/2) 


Ar  D+  +  D 
Ar  D+  +  D 


1  -  .  .Tta  2>* 


0  .  046 

I.  25 


0.  091 
1.29 


0.227 

1.32 


0  455 
1.29 


The  accuracy  is  estimated  to 


15%. 


Reference:  K.  Tanaka,  J.  Dump,  T.  Kato,  I.  Koyano,  J.  Chem.  Phys.  73, 
586  (1980).  ~~ 
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Tabular  Data  B-l.B-2.  Reaction  rate  coefficients  and  produc£  ion  distribution  for 

the  ground  and  metastable  states  of  C  ,  N+,  S+  and  N+ 
at  300  K.  1 


Type  of  reactions  studied: 

+*  ki 

A  +  B  - >  product,  chemical  reaction  of  metastable  ion. 

+*  k2  + 

A  +  B  - >  A  +  B,  quenching  of  metastable  ion. 

+  k4 

A  +  B  — »  product,  chemical  reaction  of  ground  state  ion. 
Reactions  of  C+ 


Reac  tant 
Molecule 
B 


,  3  -1 

(cm  sec 


) 


kl+k2 

(cm^  sec 


Inferred 

3l 

Reaction  AH  Product  Metastable 

Channel  (eV)  Distri-  Product 

bution  Distribution 


(1.01(— 9)]  b 

cnrio 

~1(-12) 

CO 

[1.13(-9)) 

endo 

3(  1 1 ) 

NO 

[1.06(  9)] 

6.9(— 10) 

o2 

[9.93(— 10)] 

7.4(— 10) 

CO: 

( 1.23(— 9)] 

l.l(-9) 

Hi  O 

[2.62(— 9)] 

2. 4  (—9) 

NHj 

[2.43(— 9)] 

2.3(— 9) 

ch4 

[  1 .43(— 9)] 

1.2(— 9) 

H2  +  C 

+4.2 

1.0 

1.0 

CO*  +  C 

+2.7 

1.0 

1.0 

NO*  +  C 

-2.1 

0.86 

0.0 

N*  +  CO 

-1.4 

0.14 

1.0 

0*  +  CO 

-3.7 

0.53 

0.0 

CO*  +  O 

-3.3 

0.47 

1.0 

CO*  +  CO 

-2.9 

0.90 

0.0 

coj  +  C 

+2.5 

0.10 

1.0 

HCO* +  H 

-4.4 

0.90 

0.0 

H20*  +  C 

+  1.3 

0.10 

1.0 

H2CN*  +  H 

-5.0 

0.68 

0.1 

HCN*  +  H2 

-2.9 

0.09 

0.6 

NHj  +C 

-1.1 

0.23 

0.3 

C2  Hj  +  H2 
C2H3 

-4.2 

0.50 

1.0 

-4.1 

0.50 

0.0 

A  positive  sign  indicates  an  endoergic  channel. 

^Langevin  or  ADO  rate  coefficient.  Values  of  rate  coefficients  (m  x  10n)  are 
quoted  in  the  table  as  m(n) . 


Reference:  M.  Tichy,  A.  B.  Rakshit,  D.  G.  Listen,  N.  D.  Twiddy,  N.  G.  Adams, 
and  D.  Smith,  Int.  J.  Mass.  Spec.  Ion  Phys.  29_,  231  (1979). 
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Tabular  Data  B-l ,  B-2 .(cont . )  Tichy,  e£  al . ,  Reactions  of  N+: 


Reactant 

Molecule 

B 

k4 

/  3  -lx 

(cm  sec  ) 

kl+k2 

/  3  -ls 

(cm  sec  ) 

Reaction 

Channel 

AH 

(eV) 

Product 

Distri¬ 

bution 

Inferred 
Metastabl e 
Product 
Distribution 

h2 

NH*  +  H 

-0.7 

0.68 

0.0 

[  1.59(— 9)] 

6.2(— 10) 

6.2(— 10) 

Hi  +  N 

+0.9 

0.32 

1.0 

CO 

4.3(— 10) 

1  -1( — 9) 

NO*  +  C 

-0.7 

0.10 

0.1 

[1.08(— 9)) 

CO*  +  N 

-0.6 

0.90 

0.9 

NO 

G.3(— 10) 

1  - 1  (  9) 

NO*  +  N 

-6.3 

0.79 

0.6 

(1.00(— 9)] 

Nj  +  O 

-2.3 

0.21 

0.6 

o2 

6.0(— 10) 

6.0(— 10) 

NO*  ♦  O 

-6.6 

0.32 

0.1 

(9.49(— 10)] 

4 

Oj  ♦  N 

-2.1 

0.50 

0.5 

O*  +  NO 

-2.3 

0.18 

0.4 

C02 

1.1(— 9) 

l.K-9) 

CO*  +  NO 

-1.5 

0.27 

0.3 

(7.59(— 10)] 

COi  +  N 

-0.7 

0.73 

0.7 

H:0 

2.8( — 9 ) 

2.8(— 9) 

NO*  +  Hj 

-6.7 

0.15 

0.5 

[2.50(— -9)] 

HjO*  +  N 

-1.9 

0.85 

0.5 

NHj 

2.3(— 9) 

2.5( — 9) 

N2H*  +  Hj 

-6.2 

0.10 

0.1 

12.32(-9)J 

nh;  +  N 

-4.4 

0.60 

0.1 

NHJ  ♦  NH 

-2.4 

0.30 

0.8 

ch4 

1 -1( — 9 ) 

l.l(-9) 

CHj  ♦  NH 

-3.9 

0.42 

0.2 

[  1 .38(— 9)] 

H2  CN*  H  +  H 

-3.2 

0.38 

0.4 

CHJ  +  N 

-1.8 

0.06 

0.1 

HCN*  +  H,  +  H 

-1.1 

0.14 

0.3 

Reactions  of  Nj  : 


»i 

1.8(— 9) 

1.8(— 9)  *  0.2 

NjH*+  H 

-0.56 

0.75 

0.3 

[1.54(— 9)] 

Hj  +  Nj 

-0.06 

0.25 

0.7 

NO 

[8  12(— 10)] 

4.4(— 10) 

9.4(— 10)  0.5 

NO*  +  N2 

-6.30 

1.00 

1.0 

Oi 

6.8( — 10)  *  0.5 

0*1  +  Ni 

-3.36 

1.00 

1.0 

[7.66(— 10)] 

4-7(— 11) 

l.K-10) 

COj 

~1(— 9)  * 

CO*2  +  Nj 

1.0 

[9.11(— 10)] 

8.4(— 10) 

7.8(— 10)  <0.1 

-1.70 

1.00 

H,0 

HjO*  +  Nj 

-2.90 

0.81 

0.8 

[2.1 2(  9)] 

3.0(— 9) 

3.0(— 9)  *  S0.5 

N2H*+  OH 

-0.14 

0.19 

0.2 

NHj 

[1  98(— 9)] 

1.9(— 9) 

1.8(— 9)  *  <0.1 

NH‘j  +  N2 

-5.36 

1.00 

1.0 

CH4 

2(-9)  * 

ch5  +  n2  +  h 

-1.16 

0.89 

0.8 

1 1-18( — 9)| 

1.3(— 9) 

~1(— 9)  <0.4 

CHj  +  Ni  *  H, 

-0.26 

0.11 

0.2 

A 

Tabular  Data  B-l .  B-2  .(cont . )  Tlchy  et  al. 
Reactions  of  S+: 


Inferred 


Reactant 

Molecule 

B 

k4 

,  3  "lx 

(cm  sec  ) 

kl+k2 
(cm^  s  ■*") 

k2 

kl+k2 

Reaction 

Channel 

AH 

(eV) 

Product 

Distri¬ 

bution 

Metastable 

Product 

Distribution 

!K 

endo 

5.0(— 10) 

0.5 

SH*  ♦  H 

♦  0.9 

1.00 

1.0 

1 :  63i-0)j 

so 

2.7(— 10) 

fl.3(— 10) 

0.1 

NO*  ♦  S 

-1.1 

1.00 

1.0 

[7.SS(— 10)] 

0; 

2.K-U) 

8.0(-10) 

SO*  ♦  O 

-0.01 

0.62 

0.0 

[7  30(~10)] 

1.0(-10) 

<0.1 

o;  ♦  s 

♦  1.8 

0.38 

1.0 

CO; 

endo 

G.6(— 10) 

0.5 

so*  ♦  CO 

♦  0.3 

1.00 

1.0 

[a  — 10)) 

H.O 

endo 

2.0(— 9) 

0.5 

SH*  ♦  OH 

♦1.6 

0.43 

0.4 

U : Ov  — 9) J 

H,0*  +  S 

♦2.4 

lO. 57 

0.6 

NHj 

1.7(— 9) 

1.7(-9) 

0.3 

NHj  ♦  S 

-0.2 

'0.77 

0.0 

[:  Jj(— 9)J 

NHjS*  +  H 

0.23 

1.0 

CHj 

3  5(— 10) 

1  -3(  9) 

<0.1 

CHjS*  +  H 

-0.4 

0.71 

0.2 

[’*  lo(— 9)] 

4.8(— 10) 

CHj ♦ SH 

♦  0.3 

0.08 

0.2 

CHj  S*  ♦  H  ♦  H 

♦  2.3 

0.21 

0.6 

Tabular  DataB-l.B-3.  State-selected  ion-molecule  reactions  of  H+. 


Cross  sections  for  the  reaction  ^(v)  + 


+  H 


1. 


* 

V 

O 

,1A-16  2v 

(10  cm  ) 

relative'*' ' 
to  v  =  0 

relative 
to  v  =  0 

0 

51  *  2 

1.00 

1.00 

1 

45  0 

0.  S3  *  0.  OB 

0.  94 

2 

40  *■  3 

0,  90  »  0.  07 

0.  Hfi 

3 

42  *  3 

0.  83  0.  07 

U.  ^3 

2. 


1.  E  =  0.11  eV  average  collision  energy. 

2.  E  =  0.32  eV  average  collision  energy 

Reference:  1.  I.  Koyano,  K.  Tanaka,  J.  Chem.  Phys.  12,  4858  (1980). 

2.  W.  A.  Chupka,  M.  E.  Russell,  K.  Refay,  J.  Chem.  Phys.  4J5,  1518 
(1968). 


Graphical  Data  B-l . B-4 . Reaction_cross  section  as  a  function  of  average  collision 

energy,  E^,  for  the  reaction  H+(v=0)  +  H2  H+  +  H. 


AVERAGE  COLLISION  ENERGY  /  eV 


Reference:  I.  Koyano,  K.  Tanaka,  J.  Chem.  Phys.  12,  4858  (1980). 
* 

v  -  vibrational  quantum  number. 
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Tabular  DataB-l.B-5. Ion-molecule  reactions  of  He  with  C^,  N2  and  CH^ .  Energy 

dependence  of  the  rate  constants  for  the  loss  of  He+  in 
the  reactions: 

He+  +  0^  — »  He  +  products.  He  +  CH^  — -»  He  +  products 
"4"  k 

and  He  +  — -f*  He  +  products. 


Tabular  Data  B-l.B-6. Ion-molecule  reactions  of  0+  with  N^.  Energy  dependence  of 

the  rate  constant  for  the  loss  of  0+  in  the  reaction: 

+  k 

0  +  N  >  0  +  products. 


KEcm(eV) 


Reference:  W.  Lindinger,  E.  Alge,  H.  Stori,  R.  N.  Varney,  H.  Helm,  P.  Holzmann 
and  M.  Pahl,  Int.  J.  Mass.  Spect.  Ion  Phys .  30,  251  (1979). 


Tabular  Data  B-l.B-7.  Rate  constants  as  a  function  of  center-of-mass  energy  for 

the  reaction,  N*  +  -*•  products. 


CB  -  crossed  beams 
SIFT  -  selected  ion  flow  tube 
ICR  -  ion  cyclotron  resonance 
SA  -  static  afterglow 
FA  -  flowing  afterglow 
MS  -  mass  spectrometer 
SDT  -  static  drift  tube 
FDT  -  flow  drift  tube 


KEcpleV) 

Reference:  F.  Howorka,  I.  Dotan,  F.  C.  Fehsenfeld  and  D.  L.  Albritton,  J.  Chem. 
Phys.  73,  758  (1980). 


Tabular  Data  B-l .  B-8 .  Branching  ratios  of  the  reaction  N  +  02  -*•  products  as  a 

function  of  relative  energy. 


70 

2  60 


50 


S  « 


■<$ 


N 

-  NO"  >  0 
—  0* ♦  NO 


O’, 


?  /»* 
I* 


Present  Selected -loo 
flow  Drift  Tube  Results 
•  03?  Torr 
a  045  Torr 


it****  • . 


Other  Results 
o  Selected -I on  Flow  Tube 
v  Static  Drift  Tube 
a  ton  Cyc  totron  Resononce 
©  Crossed  Jon  -  Neutrol 
c.  Beoms 


NO 


****** 


003  0  06  01 


‘****»t»»t**  I  ...  OoO 

I  I  1111 


03  06  I 

KEcm(eV) 


3  6  10 


Reference:  F.  Howorka,  I.  Dotan,  F.  C.  Fehsenfeld  and  D.  L.  Albritton,  J.  Chem. 

Phys.  73,  758  (1980). 


Tabular  DataB-l-B-9.  Reaction  of  simple  hydrocarbon  ions  with  molecules  at 

thermal  energies. 


Reaction  rate  coefficients  and  ionized  product  for  the  reactions  CH  +  M  -*■ 
products  at  300  K  for  n  =  0  to  4  and  M  as  shown. 


M 

c* 

CH* 

ch4 

ch3 

CH4 

h2 

No  reaction 

12  (-9) 

1.6  (—9) 

13  (-28) 

3.3  (-11) 

observed 

Cll2  -  H 

CH3  +  H 

CH3H2+He 

CHj  +  H 

[  1.59(— 9)] 

[  1.58(  9)] 

(1  37(-9)] 

[  1-57  (  9 ) 

[1.56(—  9)) 

N* 

No  reaction 

5.3  <— 29 )b 

1.4  (— 28)b 

5.3  (-29)  b 

No  reaction 

observed 

CH*N2+He 

CK2  N2  +  He 

CH3N2+He 

observed 

P-0;  (—9)) 

[1.04  (-9)) 

1 1  02  (-9)] 

(9.94( — 10)] 

|9.73(-10)] 

o2 

9.9  (-10) 

9.7  (-10) 

9.1  (-10) 

'  1  (-29 )b 

4.4  (-10) 

0*+C0  62 Vc 

HCO*+0 

HCO*  +OH 

CH3  02  +  He 

oJ+ch4 

C0*+0  3877 

O*  i-HCO 

CO+  +OH 

H2CO*bo 

[1 .00  { — 9)J 

[9.74  (-10)) 

[9.48  (-10)) 

[9.26  (-10)1 

[9.06(— 10)] 

CO 

No  reaction 

7 (-12) 

<5 (-12) 

2.2  (— -27 )b 

1.4  (-9) 

observed 

HCO*+C 

HCO*  +CH 

CHj  CO+He 

HCO*+CH3 

2  (—27)  b 
CH2  CO*He 

[1.13  (-9)) 

[1.10  (  9)) 

[1.07  (-9)) 

[1.05  (-9)) 

[1.02  (-9)1 

co2 

1.1  (-9) 

1.6  (—9) 

1.6  (-9) 

7.1  (— 28)b 

12 (—9) 

co*+co 

HCO*+CO 

HoCO*+CO 

Cll3  C02+He 

hco2+ch3 

[124  (—9)) 

[1.20  (-9)) 

[1.17  (—9)) 

[1.14  (-9)) 

[1.11  (-9)) 

h2o 

2.5  (—9) 

2.9  (-9) 

2  9  (-9) 

'  1  (-26)  b 

2.6  (-9) 

HCO*+H 

hco*+h2 

H3CO*+H 

CH3  HzO+He 

h3o*+ch3 

h2co*+h 

h3o*+c 

h3o*+ch 

[2.62  (-9)] 

(2.56  (-9)) 

[2.50  (-9)) 

[2.46  (-9)] 

|2.42  (-9)) 

ch4 

12  (-9) 

13  (-9) 

1.2  (—9) 

12  (-9) 

1.5  (-9) 

C2H3+H 

C2H^H2 

C2H4+H2 

C2Hs+H2 

ch3+ch3 

c2h$+h2 

c2h5+h2+h 

c2h;+h 

C0H5+H 

11.43  (-9)] 

[1.10  (-9)) 

[1.37  (-9)) 

[1.35  (-9)) 

[1.32  (-9)] 

‘Three-bodv  reactions  (in  units  of  cmb  s_b)  are  distinguished  from  2-body  reactions  (in 
units  of  cm^  s-3)  by  the  association  of  the  He  atom  with  the  3-body  product  ion.  The 
major  products  are  underlined  where  there  is  more  than  one  product  channel.  The  square 
brackets  contain  the  appropriate  Langevin  rate  coefficient  except  in  the  case  of  H2O 
where  there  is  a  significant  additional  contribution  arising  from  its  permanent  dipole 
moment.  Rate  coefficients  are  as  indicated,  e.g.  for  CH+  +  H2,  k  =  1.2  (-9)  is  equi¬ 
valent  to  1.2x10~9  cm3  s“l.  The  "approximate"  sign  "vindicates  that  the  rate  coefficient 
is  accurate  to  within  a  factor  of  two.  "No  reaction  observed"  implies  an  equivalent 
2-bodv  rate  coefficient  of  less  than  5  (-13)  cm3  s-l. 

^Three-body  reaction, unit  of  rate  coefficient  is  cmb  sec-^ . 

Reference:  D.  Smith  and  N.  G.  Adams,  Int.  J.  Mass  Spect.  Ion  Phys.  2_3,  123  (1977). 
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Tabular  Data  B-l.B-10.  Reactions  of  CH  (where  n  =  0  to  4)  with  ammonia 

at  300  K.  n 


Rate  coefficients  and  percentage  product  ion  distribution  obtained 
at  300  K  in  reactions  of  C+,  CH+,  CH+  CH*  and  CffJ-  with  NIL. 


2’  3 


m  Rcjciani 

IVrccntjL* 

c  p: 

Rjic  I'A’ituinih  x  10*  nn' s  * 

E  ion 

distribuuon 

-  ■  - 

B 

f 

.  .  . 

f\jvn:m*nij|  ADO 

W  . 

'"ii- 

p?cu*m^  picxiou** 

c* 

H:CN* 

75 

47 5  *  ' 

* 

NHj 

22 

50  bl 

2.3  2.3  2.44 

r 

HCN* 

'j2>  ’ 

I  CH* 

II;  C\* 

6$ 

r 

NHj 

17 

2.7  -  2.39 

Mil 

15 

ch; 

h4cn* 

J5 

go  1 

2.S  1  5  c\  2.0d>  2.34 

NHj 

45 

20 

Oil 

h4cn* 

7uiSS),') 

HU  c> 

2.2  0.8.)  A  1.3  '0  2.29 

CHjXHJ 

20 

nhJ 

lOi  1  2) 01 

20  cl 

il  fi)c) 

*■' 

’  Clli 

M»3 

59 

51  cl 

2.8  1.35  c).  2.2  d)  2.25 

'  »  * 

NHj* 

41 

49  cl 

References; 

aV.  G.  Anicich,  W.  T.  Huntress  Jr.  and  J.  H.  Futrell,  Chem.  Phys.  Letters  40, 

233  (1976). 

^H.  I.  Schiff,  R.  S.  Hemsworth,  J.  D.  Payzant,  and  D.  K.  Bohme,  Astrophys.  J. 

191,  L49  (1974). 

c 

W.  T.  Huntress  Jr.,  R.  F.  Pinizzotto  Jr.,  and  J.  P.  Landenslager ,  J.  Am.  Chem. 

Soc.  95,  4107  (1973). 

^M.  S.  B.  Munson  and  F.  H.  Field,  J.  Am.  Chem.  Soc.  8_7.,  4242  (1965). 

Q 

The  bracketed  values  relate  to  the  product  distribution  and  rate  coefficient  for  the 
H,  CN+  and  NHlr  channels  only, 
f  4  J 

D.  Smith  and  N.  G.  Adams,  Chem.  Phys.  Letts.  4_7 ,  145  (1977). 


Tabular  Data  B-l . B-ll .  Binary  reactions  of  CVL  ions  in  the  reaction  CH  +  M  -*• 

J  n  n 

products  where  M  is  the  following:  COS,  H?S,  l^CO, 

ch3oh,  ch3nh2,  co2,  h2o. 


Rate  coefficients  and  percentage  product  ion  distributions  (bracketed)  for  the 
reactions  of  CH-1"  (n  =  0  to  4)  with  several  molecules  at  300  K.  Rate  coefficients 
are  expressed  as,  for  example,  2.0(-9)  to  represent  2.0x10“^  cnP  sec--*-. 


M 

c+ 

on* 

OII2 

OH3 

chJ 

COS 

os*  +  coisni 

11('S+  *  00(55) 

nos"  +  noo(60) 

H,OS+  +  00(100) 

HOOS*  +  OH3(70) 

COS+  +  0(20) 

IIOOS*  +  0(45) 

lljOS*  +  00(40) 

OOS*  +  CH4  (30) 

:.o(-9i 

1  9(  9) 

l.8(  9) 

1 .2  ( — 9) 

1.4(-9) 

h2s 

HCS*  +  11(75) 

HCS*  +  II;  (70) 

II3CS*  ♦  11(80) 

H3OS*  +  HjIlOO) 

H,S*  +  OH3  (55) 

ii;S*  +  c  <  2  5  > 

11, S*  +  0(10) 

nos"  +  iij  +  HOO) 

HjS*  +  OH4  (45) 

H3S*  +  CH  (10) 

1 .7  (-9) 

2  1(9) 

2,3(  9) 

1 .4  ( —9) 

2.1  (-9) 

IIjCO 

cut  +  CO(6(l) 

(111;  +  00(30) 

HOO"  +  OH  3  (85) 

1100*  +  CH4OOO) 

11,00*  +  011,(55) 

H;CO*  +  0(20) 

11,00*  +  0(30) 

11,0;  O"  +  11(10) 

OH 3  H2OO+  He  a) 

H;CO*  +  OH4  (45) 

uco*  +  cn(20) 

IIOO*  +  Oil;  (30) 

II2O2O"  +  11 ;  ( 5 ) 

1 1 ;  0;  0+  +  11(10) 

3  9 (  9) 

3  2 (  9) 

3.3  (  9) 

1  6(-  9) 

3.6(-9) 

011,011 

CHj  ♦  IK  0(80) 

Oil,  +  ll;00(50) 

011,011;  +  011(50) 

11,00*  +  010,(100) 

CHjOH*  +  CH4  (60) 

lljCO*  ♦  011(20) 

Oil., oil;  +  0(40) 

11,00*  +  011,(50) 

OH3  011,011  +  He  o) 

0H,OHj  +  CH,(40) 

11,00"  +  Oil;  (10) 

2 . 6  (  9) 

2.9(  9) 

2 .6  (  9) 

2 .3  ( —  9) 

3.0(-9) 

OM3MI2 

CHjNIIj  +  C  (55 1 

0 H ; N 11 ;  +  ('ll;  (50) 

CHjMI;  +  011,(55) 

OH3NH2  +  011,(55) 

CH3NH2  +  CH4(60) 

CH2NH2  +  011(15) 

CII3MI3  +  0(40) 

OH3NII2  +OH2(35) 

OH2NH2  +  OII4  (45) 

OH2NH2  *  CH4  +  HI 

CHjNllj  ♦  011(10) 

OH, Ml,  +  011(10) 

OH,  ■  OH3NH2  +  He  a) 

2 .2 (  -  9) 

2.2 (  9) 

2.1  (-9) 

2 .2  ( — 9 ) 

2.21-9) 

CO  2 

CO*  +  (0(100) 

HOO*  +  00(100) 

H200*  +  00(100) 

011^  0O2  +  He  3) 

HOO,  +  OH3OOO) 

1  l(-9) 

1.61-9) 

1  6(  9) 

ternary 

1.2(-9) 

H:0 

HOO*  +  11(100) 

IIOO"  +  112 

11,00*  +  H 

CM3  H20  +  He*> 

H,0*  +  CH,(100) 

HjOO"  +  II 

11,0"  +  OH 

11,0*  +  0 

ternary 

2.5  (-9) 

2 .9 (  9) 

2  9  (  9) 

2.61-9) 

aTernary  association  products  observed.  The  rate  coefficient  quoted  is  that 
for  the  binarv  channel  onlv. 


Tabular  Data  B-1.B-L2.  Rate  coefficients  and  product  ion  distributions  for  the 
reactions  of  CH+  with  molecules  at  300  K  and  225  K.  Rate  coefficients 
for  both  binary  (cm1  sec-1)  and  ternary  (cm6  sec-1)  channels  are  given. 
The  reactions  studied  are  the  following: 
k  _ 

A+  +  B  +  M  — ^  AB  +  M. 


M  is  a  stabilizing  gas  (He).  The  reaction  can  be  further  broken  down  as 

fk2 

-  M  — 

(l-f)k'> 


A+  +  B 


k«  |  ^  j  j.  f k„  j 

— (AB  )  followed  by  (AB  )  +  M  — —  AB  +  M 


Td 


A  +  B  +  M. 


where  f  is  the  fraction  that  result  in  forming  the  complex  AB+.  A+  is 
CH*  and  B  is  the  reactant  molecule. 


Reactant 

molecule 

Rate  coefficients  and  products 

/tj(s) 

B 

binary 

300  K 

ternary 

300  K  225  K 

300  K 

225  K 

h2 

- 

CHjHj 

X  .3  ( —  28)  4. 3  ( —  28) 

1 .4  ( —  1 0) 

4.6  (  - 10) 

Nj 

- 

ch*n2 

5. 3  (  29)  2.0(-28) 

9.1  (-11) 

3 .6  ( - 1 0) 

o2 

- 

ch;-o2 

«=  1  (  -29)  2.7(-  29) 

«2(-ll) 

5 .3  ( —  1 1) 

CO 

- 

CH  j-CO 

2.2 (  27)  5.3  (  -27) 

3 .8  ( —9) 

9.1  (-9) 

CO, 

- 

chs-coj 

7.1  (-28)  3-1  (-27) 

1  -2  ( —9) 

5.2  (—9) 

MjO 

- 

CII$H20 
>  3 ( —  26) 

>  2  (—8) 

- 

nh3 

HaCN*  (88) 

CHj-NHj 

Nllj  ( 1 2) 

>7(-26) 

>6(-8) 

- 

1 .8 <  9) 

h2co 

IICO*(100) 

1.6<  9) 

CHjHjCO 

3.5  (-26) 

2 .2  (  8) 

_ 

CHjOH 

UjCOMOO) 

2.3 <  9) 

Cl(3  CH3OH 
>4(  -26) 

>  3 (—8) 

CIIjNIIj 

CiljNHj  (55) 
CH2NIIJ(45) 

2.2(-  9) 

CHj  CH3NH2 
>  3  ( —  27) 

>  3  ( —9) 

- 

COS 

HjCS*(l00) 

1.4(  9) 

- 

- 

ll2S 

II3CS*(  1 00) 

1 .2  (  -9) 

- 

- 

- 

C2II2 

CylljtlOO) 

1 .2 f  9) 

- 

- 

- 

cii4 

c2h;<ioo) 

IK-9) 

- 

- 

- 

Reference:  D.  Smith  and  N.  G.  Adams,  Chem.  Phys.  Letts.  54 ,  535  (1978). 
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Tabular  Data  B-l .B-13. Rate  coefficients  and  product  ion  distributions  for  the 
reactions  of  N+,  NIT*",  NHj,  and  NH^  with  a  series  of  molecules  at  300  K. 
The  reactant  ions  and  molecules  are  arranged  in  order  of  their  recombina¬ 
tion  energies  and  ionization  potentials,  respectively,  the  magnitudes  of 
which  are  indicated  in  eV  below  each  reactant  species.  The  proton  de¬ 
tachment  energies  for  the  ions  and  proton  affinities  for  the  neutral 
molecules  are  indicated  in  eV  above  each  reactant  species.  The  binary 
rate  coefficients  are  indicated  as,  for  example,  1.0(-9)  representing 
1.0xl0“9  cm3  s-l.  The  percentage  of  each  ion  product  is  given  in  round 
brackets  after  the  product  ion  and  the  Langevin  or  ADO  theoretical  rate 
coefficient  for  each  reaction  is  given  in  square  brackets  below  the 
experimentally  determined  value.  The  ternary  rate  coefficient  (cm^  s-^) 
is  quoted  for  the  fT*"  +  N2  reaction. 


N* 

14.55  eV 

4.  2  eV 

Nil* 

13.  10  eV 

6.  1  pV 

nh: 

11.4  eV 

8.0  oV 

Nil  J 

10.  17  eV 

9.4  eV 

H«CN*(70>,  HjCN’OO) 

H4ON*(45),OH3NH2*(20) 

OIIjNI12*(50),  01I3NH3(20) 

CII3NHJ(50) 

CH3NH2 

CHjNUJ(7).  H3ON*<7) 

CH3NH3(20),  I12CN*(20) 

h4on*<20),  nh;iio) 

01I3NHj(35) 

8.97  eV 

OH3(6)  * 

li3CN*(5) 

NHJ115) 

2.0(-9) 

2.11-9) 

1.81-9) 

1.81-9) 

12.  21(-9)l 

[2.  151-9)1 

|2.11(-9)| 

[2.001-9)1 

5.0  eV 

NO*<85) 

NO*(80) 

N0*(100) 

NC)*(100) 

NO 

NJ(15) 

NjH*(20) 

9.  25 

5 . 3 ( —  10) 

8.  9(-  10) 

7.  0(-  10) 

7.21-10) 

[9.  99(—  10)| 

[9.  761-  10)1 

19.551-10)1 

[9.371-  10)| 

9.  0  eV 

NHJ182) 

NH3(75) 

NI1J170) 

NHjllOO) 

NJIj 

N21I’(9) 

Nil  J125) 

N11J130) 

10. 17  eV 

NII2*<9) 

2.41-9) 

2.41-9) 

2.31-  9) 

2.21-9) 

[2.321-9)1 

[2.281-9)1 

[2.241-9)1 

[2.211-9)1 

7.  4  eV 

H2S*(56),SH*(29) 

H2S*(55),  H2NS*(15) 

II2S*(40>,  Nli;i25) 

NHjllOO) 

H2S 

S*(  1 2),  NH*<3) 

Sll*(15).  11NS*(15) 

H3S*(1  5),  NHJ(IO) 

10. -12  cV 

SH*(1(1) 

1.91-9) 

1.71-9) 

1. 81-  9) 

1.31-9) 

1 1 . 881  —  9)1 

[1.821-9)1 

11.781-9)1 

11.741-9)1 

7.  9  fV 

CH3OH*(40),  II2CO*<~  30) 

I1300’(70).  1100*115) 

0113O1Ij*(85) 

NHjllOO) 

CM, OX 

ll3t’0*(16),  NO*<~  10) 

CHjOHj(lO),  II2CO*(15) 

NHJ115) 

10.  85  eV 

CI1J14) 

3.11-9) 

3.01-  9) 

3.  1(-  9) 

2.21-  9) 

|2.42(-9)| 

12.361-9)1 

|2.31(-9)| 

12.261-9)1 

7.2  eV 

H?C'<)*<~  05) 

1100*155) 

HjOO'180) 

NHjllOO) 

1I2('0 

1100*125) 

H, 00*130) 

N1I3(20) 

10.9  pV 

NO*(~  10) 

H30O*(15) 

2.91-9) 

3.31-9) 

2.81-9) 

1.11-9) 

[2.921-9)1 

12.85(-9)| 

12.791-  9)1 

|2.74(-9)| 

The  reactions  of  NH^  were  also  studied  but  because  of  the  low  reactivity  of 
this  ion,  these  data  are  not  included  in  the  table. 


Reference:  N.  G.  Adams,  D.  Smith,  J.  F.  Paulson,  J.  Chem.  Phys.  72,  288  (1980) 
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Tabular  Data  B-l.B-13.  (cont.)  Adams,  et  al, 


Tabular  Data 


References : 


B-l.B-14.  Rate  coefficients  for  the  reactions  NO  +  X  +  Y->-NO*X  +  Y 
at  the  temperatures  shown.  The  error  figure  on  the  data 
is  +  30%,  A  rate  of  e.g.,  5xl0-^0  cm^  sec--*-  is  shown 
as  5 (-30)  for  convenience. 


(1) 

(2) 

(3) 

(4) 


(5) 


Reactant  gas 

Third  body 

Temperature 

Rate  coefficient 

X 

y 

(Kl 

(cm* s  ’) 

reference 

N* 

He 

200 

<5.0(-33) 

2 

80 

— 5.0(  30) 

4 

Na 

300 

■e  1.0(-30) 

5 

300 

2UF31T 

3 

225 

I  -5(— 30) 

5 

220 

s*1.0(-30) 

1 

130 

8.01-30) 

1 

O. 

He 

200 

<6.0(-34) 

2 

Ar 

200 

<2.0(-32) 

2 

Nj 

300 

3±2(-31) 

5 

225 

5±2(-31) 

5 

o2 

300 

9.0(-32) 

3 

co2 

He 

300 

4.5(-30) 

5 

290 

4.0(-  30) 

2 

235 

".21-30) 

2 

197 

1.0(-29) 

2 

Ar 

300 

5.0(  30) 

5 

214 

2.4(  -29) 

2 

196 

3. 1(  29) 

2 

N, 

300 

9.5(-30) 

5 

225 

2.5<  2S) 

5 

200 

2.5<  29) 

2 

CO. 

300 

2.4(-29) 

3 
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Tabular  Data  B-l . B-15 .  Rate  coefficients  and  product  ion  distributions  for  the 
reactions  of  N+,  N^,  nJ,  0+,  0 and  N0+  with  a  series  of  molecules. 

The  binary  rate  coefficients  are  indicated  as,  for  example,  1.0(-9), 
meaning  l.OxlO-^  cm^  s~l.  The  percentage  of  each  ion  product  is  indicated 
in  brackets  after  each  ion.  The  ternary  association  reactions  are  indicated 
by  the  inclusion  of  either  He,  N2,  or  He/N2  after  the  product  ion  and  have 
units  of  cm^  s“l.  The  reactant  ions  and  molecules  are  arranged  in  order 
of  their  recombination  energies  and  ionization  potentials  (indicated  in 
eV) .  The  Langevin  or  ADO  theoretical  rate  coefficient  for  each  reaction 


is 

given  in  square  brackets.  'v 

implies  a 

factor  of 

2  accuracy. 

•Ni 

N4 

K 

o4 

(»■• 

N5 

NO* 

15.578  eV 

14.549  eV 

14.51  ,V 

13.  lilt.  eV 

12.IH.3  cV 

*  11.50 t A 

9.  25  t-V 

I’ll  Mi-t73) 

01Nlll(70),  II  ON ‘(10) 

l‘M:NH2(82) 

l/ll-MItlTW 

ril3NM*li.5) 

<M.MI4(79» 

l  HjNH-dOO) 

t'H  jNH' 

nijcii 

CII,NII?(7).  11,0107) 

II,  ON4  (10) 

H3CN4(15) 

i  M.NU4(35) 

CHjNHjtO) 

0115(9) 

OI,Nir.(8) 

ClIjNlljtO) 

1.21-9) 

2. 0(  —  9) 

1.21-9) 

2.1(-9) 

'  1(-  9) 

l.K-9) 

8. 2{—  10) 

8.97  t*V 

[1 . 79(-  9)1 

12.21(-9)| 

11.531- 9)1 

[2.  Ill-  9)1 

[1.731-9)1 

|1.02(-  9)1 

[1.751-9)1 

MI^(IOO) 

NI|J(82) 

Nir,noo) 

Nir,(100) 

N  1(5(1 00) 

NHjU  00) 

NO4  •  •  •  Nllj  ♦  lle/Nj 

Ml, 

N:iri9) 

N1I*(9) 

1.91-9) 

2, 4(—  9) 

1.8(-  9) 

1 . 2<  -  9) 

2.0(-  9) 

2.H-  9) 

JO.  17  t'V 

(1.98(-  9)| 

[2.32<-9)| 

(1. 78(—  9)1 

I2.2-K-  9)1 

[  1 , 93<—  9)1 

[  1 . 85(-  9)1 

'  3(  -  28) 

SlT(7S) 

II .s*(f>0),  81029) 

H,S‘(97) 

H:S*(69) 

h.sMoo) 

H.S‘(82) 

NO’""  H,S+  llr/N, 

h2s 

S*U5) 

S*(12),  Nll*(3) 

S*<3) 

IIS*  (21 ) 

HNS*(15) 

ll%S*(10) 

s*(ii> 

ll;NS*(3) 

1.5I-9) 

1.91-9) 

1.21-9) 

2.  0(-  9) 

1.  1(-  9) 

1.01-9) 

10.  42  eV 

(l.49(-9)l 

[l .  88(—  9)1 

[1 . 27(—  9)1 

[1 . 78(-  9)1 

[1. 411-9)1 

(1. 35(-  9)) 

'  1  ( -  28) 

CH5(79) 

01,010(40) 

01,0101)5) 

H3CO4(70) 

01,010' 50) 

01,0)050) 

NO*  •  *  •  CH,OH  +  llc/N, 

CHjOH 

H,CO*(12> 

H,CO*(~  30).  l(,CO*(16) 

HjCO*(35) 

01,011*125) 

lljCOV  50) 

H,CO‘(28) 

01,0)09) 

n’o'('IO),  015(4) 

MjCC4(5) 

NO'(22) 

1.41-9) 

4. 9(  —  9) 

2.2(-  9) 

1 . 9(-  9) 

-  1(-  9) 

1.01-9) 

10.85  c*V 

ll.95(-  9)1 

(2 . 42(  —  9)1 

( 1 . 87(—  9)1 

[2.311-9)1 

ll.89(-  9)1 

[1.771-9)1 

'  1(-  28) 

HCO*(87) 

H,CO*('65> 

H:CO*(72) 

HjCO4(60) 

H:CO4(90) 

NjH*(52),  H2C04(2G) 

NO*  •  •  •  H,CO  +  He/N, 

h2co 

H,CO*(13) 

HCO*(25) 

HC04(28) 

!ICO*(40) 

HCO‘(10) 

HCO‘(16),  NIHIO) 

NCJh'lO) 

2. 9(—  9) 

2.9(-9) 

1 . 8(-  9) 

3.5(-  9) 

2.31-9) 

1.91-9) 

[2.371-  9)1 

[2.  92(—  9)1 

(2. 04(  —  9)1 

[2.  79(-  9)1 

[2.291-9)1 

12.161- 9)1 

—  5(—  28) 

Reference:  D.  Smith,  N.  G.  Adams,  and  T.  M.  Miller,  J.  Chem.  Phys.  69^,  308 
(1978). 
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Tabular  Data  B-l .  B-l  5.  (cont.)  Ref 


Smith,  Adams  and  Miller 


n; 

15.  578  cV 

N* 

14.540  eV 

- 1 - 

n4 

14.51  eV 

O* 

13.616  eV 

02 

12.063  eV 

N* 

5  11.50  eV 

NO* 

9.25  eV 

COS 

S*(80) 

COS*l20) 

COS* 173) 

S*(22) 

CS*(  5) 

COS*  (100) 

COS*  (97) 
S*(3) 

COS*  (100) 

NS*(90) 

COS*(8) 

NO*  (2) 

NO*  •  *  *  COS  *  Ht  /Nj 

11.17  eV 

1 . 3(  —  9) 
ll .  45(—  9)1 

1.41-9) 

11.891-9)1 

4.61-  10) 
(1.181-9)1 

6.  7(-  10) 
ll .  79(  -  9)1 

1.01-  9) 
11.391-  9)1 

4.31-  10) 
11.281-9)1 

<  2(-  29) 

O, 

OjllOO) 

Oj(51) 

NO*(43) 

0*16) 

OjllOO) 

OjllOO) 

Oj  •  ”  O,  ♦  He 

NO*(70) 

NO*  (30) 

NO*  •  •  •  O2  +  N  j 

12.063  eV 

5.K-11) 

(7.661-10)1 

6.1(-10) 

19.  49(—  10)) 

2.  5(~  10) 
(6.56(-10)J 

1.91-  11) 
(9.071-10)1 

5. 0(-  31) 

5.11-11) 

16.951-10)1 

(3  *2)1-31) 

HjO 

H, 0*182) 
N,H*<18> 

H, 0*1100) 

HjO*llOO) 

11,0*1100) 

Oj  •  •  *  HjO+  He 

H,NO*UOO) 

NO*  ••  •  HjO-f  He 

12. 614  eV 

2 . 8<—  9) 

12. 12(-  9)1 

7.81-9) 

(2.501-  9)1 

3.01-9) 

(1.901-9)1 

3.  2(—  9) 

(2. 42(—  9)1 

8.  7(-  29) 

3.3(-  10) 
(2.36<-9)I 

3.  61-  29) 

ch4 

CHj<93> 

CHj(7) 

CHj(Sl).  H,CN*140), 
HCN*<6>,  CHJ13) 

CH*,I90) 

ll.CNjllO) 

Cir,(89) 

cnjiii) 

h,  coo  ir  no) 

H;CO*(15) 

11,0*115) 

H,CN*(95> 

CH,NHj(5) 

NO*-”CH4+  He/N, 

12.704  rV 

1.0(-9) 

11.181-9)1 

9.41-10) 

(1.381-9)1 

1.01-9) 

(1.071-9)) 

1.01-9) 

(1.331-9)) 

6.31-12) 

(1.161-9)) 

4.81-11) 

(1.111-9)1 

<2  1-  29) 

COj 

COjllOO) 

COj(75) 

CCT(25) 

COj(iOO) 

oj(ioo) 

Oj  ”  ■  CO,  +  He  ••• 

NO*  •  •  •  CO,  +  He 

13.769  eV 

7.7(-10) 

(9.  IK-  10)! 

1.01-9) 

(1.161-  9)| 

7.01-  10) 
17.591-10)1 

9.41-10) 

11.101-9)) 

2.  3(—  29) 

T -  200  K 

<51-14) 

18.131-10)1 

4.51-30) 

CO 

00*1100) 

CO*  (88) 

NO*(12) 

CO*llOO) 

... 

... 

Nj”  -  CO*Hc/N, 

NO*-*  *  CO+ CO 

14.013  eV 

7.41-11) 
(8.781-  10)1 

4.5(-  10) 
ll.08(-  9)1 

-  51-  10) 
(7.601-10)1 

<5(-  13) 
ll .  03(-  9)1 

'71-  29) 

1.91-30) 

NjtrilOO) 

Nimoo) 

N,H"<87) 

N,fril3) 

OH*(100) 

Oj  •  •  •  Hj  +  He 

N,H*(100) 

... 

15.427  eV 

2.11-9) 

(1.541-9)1 

4.81-10) 
ll .  59(—  9)1 

5.81-12) 

(1.511-9)1 

1 . 7  ( —  9) 
ll. 58(-9)| 

7 . 4(-  31) 

T  80  K 

-21-13) 

(1.521-9)1 

<  11-  13) 

(1.541-9)1 

Nj 

Nj  •  •  •  Nj 
+  He/N, 

N*  •  *  *  Nj  ♦  He/N* 

... 

N0*(100) 

0$  •  •  •  Nj  ♦  Nj 

... 

NO*  *  *  •  Nj  +  Nj 

15.578  eV 

l.K-29) 

5.2<—  30) 

1.21-  12) 
(9.731-10)1 

81-31) 

<11-30) 

Tabular  Data  B-l . B- L6 .  Reaction  rate  coefficients  of  the  ground  and  metastable 

excited  states  of  0^,  N0+  and  0+  with  atmospheric  gases  at  thermal  energy. 
The  type  of  reactions  studied  are  the  following: 
k. 


+*  1  + 

A  +  B  — >  C  +  D  ion-molecule  reaction 


+*  2  + 

A  +  B  — *  A  +  B  collisional  quenching 


A+  +  B 


h.  •*+ 


E  +  F  ground-state  ion-molecule  reaction 


where  k  =  ^  +  kj. 


H c.U't n'ns  with  o;*(a*llu)  and  Oj*(xMl,) 


Reactant 

Reaction 

M  8] 

C*  [a] 

c 

o;*  .  co,  —  co;  +  o,  +  2  i  ev 

endo 

7  :i-  ini 

8  0<  -  101+ 

N. 

O;  *  +  N,  —  N;  4  Oj  4  0  48  eV 

endo 

6  (8  -  101 

CO 

o;*  4  CO —  CO*  +  Oj  +  207  eV(83"„l 

endo 

1  81-101 

—  co;  +  O  +  2  68  eV  (I7",.| 

H; 

02*  v  M;  -  OjH  *  +  H  +  2-33 cV  (S5'*.,l 

endo 

H8-9| 

— *M2*  +  O;  +  0-65  eV  (15"..l 

0  9i  -  9)4 

Ar 

(>,*•  4  Ar  — Ar*  4  Oj  +  0-33  cV 

endo 

4(  -  101 

NO 

<>;i\l  4  NO  —  NO*  +  Oj  4  2  81  eV 

O;  *  4  NO  —  NO*  4  O,  4  6  84  cV 

4  81-101 

i  rx  -  9t 

O, 

Oj**  4  Oj— Oj*  4  O,  +  4  03  cV 

endo 

4  6|  -  10)4 

Reaction*  with  NO',(a,X]  and  NO'[x  *1] 

Reactant 

Reaction 

C*  4  C,  4  c, 

^  i 

•Xr 

SO  ■  *  4  Ar  —  Ar  *  *  NO  -  0  1  CV 

3  5i  III 

c  o 

NO**  4  CO  —CO*  .  NO  4  1  o3e\ 

7  :i  -  ioi 

6  4<  -  101+ 

CO; 

NO**  4  CO,  -  CO,*  4  NO  4  1  88  eV 

1  (>6<  -  9) 

N; 

NO**  4  N,  —  Nj*  4  NO  *  009  eV  (55*  ..1 

7  7(  -  IOI 

3  5)  101 

•  NO’fxl  4  N,  4  6 4  cV  143". .1 

7  7|  Kilt 

o. 

NO**  *  O.  —  o:  4  NO  4  3  6  eV  On'  ,.i 

3  3,  |0|* 

2  3(  ioi 

—  NO  ’  (Cl  4  O;  *  (>4  cV  |7ir.,l 

H. 

NO**  4  II;  .IK  4  NO  *  0  22  cV  |I2",.I 

1  4|  -9|t 

1  2l  -91 

—  NO* (\l  4  IK  4  6 4  eV  188", ,t 

Reactions  with  O  *  ( AS).  0*rD.: Pi  and  O;’  * 

Reactant 

Rea  non 

4,I*S) 

6  *(  *L>. '  1*1 

O; 

O  '  4  Oj  —  Oj*  4  O  4  1  56  cV 
()**  4  Oj  -  Oj*  4  O  4  4  85.  6  54  cV 

2  3|-  III 

1  31-10) 

N. 

()•  4  Nj  —  NO*  4  N  +  113  eV 

1  4(  -  1 2) 

O**  4  Nj  .  Nj"  4  O  4  1  34.  303  cV  (90"„l 

1-4|  -  121 

1  5i  101 

-  NO*  .  N  4  442.  6  II  eV  |H)"..I 

():*  4  Nj  .<>;  4  N.* 

NO 

O  *  4  NO  -  NO*  4  o  4  4  37  eV 

O**  +  NO  —  NO  *4  0  +  7  66,  9  35  eV 

<8|-I2l 

i  :i 

CO 

O  *  •  4  CO-CO*  4  0  4  2  89.  4  58  cV 

(}-;*  4  to— o;  4  CO* 

1  3|  -  9) 

Rate  coefficients  listed  as  a(-b)  represent  a  x  10  ^ ,  The  accuracy  is  +  30%.  +  rate 
constant  obtained  using  monitor-ion  method. 

Reference:  J.  Glosik,  A.  B.  Rakshit,  N.  D.  Twiddy,  N.  G.  Adams,  and  D.  Smith, 

J.  Phys.  B  Atom.  Molec.  Phys.  1J.,  3365  (1978). 
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Tabular  Data  B-l.B-17.  Rate  constants  for  the  reactions  of 

at  300  K. 


with  molecules 


Rate 

Exothermi-  Constant 

Reaction  city,  eV.  (10~10  cm3  sec-1) 


H20*+N02  -N02  +  H20  2.9 

h2o*+o2  -*oJ  +  m2o  0.6 

H20*  +  N0  ~N0*  +  H20  3.4 

H20‘+C2H«  -C2llJ  +  H20  2.1 

-*C2H*  +  OH  0.8 

h2o*+co  ~IICO*  +  OH  0.1 

h2o‘+ch4  -ch;  +  ii2o  -0.1 

-HjO*  +  CH3  1.7 

H20*  +  H2  -.H30+  +  H  1.7 


Graphical  Data  B-l .B-19 .  Rate  constants  for 

Graphical  Data  B-l.B-18.  Rate  constants  the  reactions  of  H20+  with  CH^  and  H2  at 

for  the  reactions  of  l^O*  with  NO  and  NO2  relative  energies  of  0.04  -  2  eV. 

at  relative  energies  of  0.04  -  2  eV. 


2XI0‘* 

'irt  1 

IX'O'5, 

o 

c 

1  IX 10'* 

O 

|  6XIO'10 
4X10® 


003  005  01  03  05  I  2 

KEcm  (eV) 


Graphical  Data  B-l .B-20. Rate  constants 
for  the  reactions  of  H20+  with  C2H4  and 
CO  at  relative  energies  of  0.04  -  2  eV. 


003  005  01  03  05  I  2 

KEcm(eV) 

Open  circles  represent  crossed  beam 
data  (B.  R.  Turner  and  J.  A. 
Rutherford,  J.  Geophys.  Res.  73, 
6751  (1968)). 


4(10  * 

-  ... 

• .  - 

2X10'* 

h20*  *  C2  H4 

C2H4**H?0 

CpH.**OH  •••**’ 

\ 

ix  io'* 

*  V 

kA0C 

6X10''° 

H?0*  ♦  CO  -  HCC*  4  'M  •• 

4XiO  10 

. 

—  *  a  «  „  •••  * 

•  0  ?5  torr  He 

2X10® 

*  045  torr  He 

I _ ...  _  .  i 

;0!  005  01  0  3  05  1  ? 

KE  cm  (eV) 


IX  1C 
1X10' 

sxrl,l 

4XIO'10] 

3XI0'I°I 

IXI0‘* 

6XI0'°I 

4XI0"'°I 

2XI0',0I 

IXI0-“l 

6X10'" 

4xr" 


*  “  *  *  4»  —  .  • 

h2o*  +  no2  —  no2**h2o 


•  „•» 


.... 

H20*  ♦  02  “*■  02*  *  HjO 


kADO 


h2o**no  -no*  +  h2o 


Present  results  *  ••  ^ 

•  0  25  to rr  He  \  Plow- 

•  045  torr  He  drift  tube 
*0  25  torr  He  \  Selected- ion 
*•  0.125  torr  Ar  flow-drift  tube 
Other  results 

9  Crossed  beoms 
i  i  i  i  i .  I _ i _ i  :  t 


— flit 

kL 

th - 1 — i — n  r  m — 

V#.** 

*  h2o-*ch4  -h»°;*ch*  . 

-  CH4‘  4  HjO 

♦. 

X 

H20*  4M2  -  HjO*4M 

‘*4, 

*  0  25  forr  He  _ 

1  i  ;  i 

“  •  *  045torr  He 

_LLi _ i _ i _ '  in,.! 

12i3.6 

3.3il.O 

4.5tl,3 
j  16±4.8 
4.2tl.3 
J 1 2±  3.6 
8.3i2.5 


Reference:  I.  Dotan,  W.  Lindinger,  B.  Rowe,  D.  W.  Fahey,  F.  C.  Fehsenfield, 

and  D.  L.  Albritton,  Chem.  Phys.  Letts.  72^  67  (1980). 
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Tabular  Data  B-l  .B-21 .  Reactions  of  H  CO 

n 


+ 


with  molecules  at  300  K. 


Reaction: 


H^C0+  +  M  -*■  products. 


Reaction  rate  coefficients  and  percentage  product  ion  distributions  for 
the  reactions  of  HnC0+  (n  =  0  -  3)  with  various  neutrals  at  300  K. 

A  rate  constant  of  a  x  10-b  is  represented  by  a(-b).-^’^ 


M 

CO* 

HCO* 

H2CO* 

HjCO* 

H: 

HCO*  +  H 

— 

— 

o2 

1.8  (-9) 
o2*  +  CO 

<  4  (-14) 

<4 (-14) 

HCO*  +  HOj  (70) 
H202*  +  CO  (30) 

<  4  (-14) 

1.2  (-10) 

<2  (-13,) 

1.1  (-10) 

<4  (-14) 

C02 

co2  +  CO 

— 

— 

— 

1-0  (—9) 

<  2  (-13) 

<4  (—14) 

<4  (-14) 

COS 

COS*  +  CO  (90) 

S*  +  2  CO  (10) 

HCOS*  +  CO 

H2S*  +  2  CO  (56) 
HCOS*  +  HCO  (41) 
H2COS*  ♦  CO  (3) 

- 

12  (-9) 

11  (-9) 

1.0  (—9) 

<4  (-13) 

H.O 

h2o*  +  CO 

H,0*  +  CO 

H,0*  +  HCO 

HjO*  +  H2CO 

2.2  (-0) 

2.5  (-9) 

2.6  (-9) 

~3  (—11) 

NHj 

NHj*  +  CO 

NH4*  +  CO 

NH;  +  HCO  (75) 

NHj  +  H2CO  (25) 

nh4*  +  h2co 

1.8  (-9) 

1.9  (-9) 

1.7  (—9) 

2.0  (-9) 

h2co 

HCO*  +  HCO  (55) 
H2CO*  +  CO  (45) 

H,CO*  +  CO 

HjCO*  +  HCO 

HjCO*  HjCO  +  He 

3.0  (—9) 

3.2  (-9) 

3.2  (-9) 

-2  (-27) 

CHjOH 

HjCO*  +  H  +  CO 

CHjOHj  +  CO 

CHjOH2*  +  HCO  (90) 
HjCO*  +  HjCO  (10) 

CHjOH2*  +  HjCO 

CU4 

2.4  (-9) 

CHj  +  CO  (61) 

2.4  (-9) 

2.4  (-9) 

HjCO*  +  CHj  (85) 

1.9  (-9) 

HCO*  +  CHj  (35) 
CH,CO*  +  H  (4) 

C2HsO*  +  H  (15) 

13 (-9) 

<  1  (-13) 

1.1  (-10) 

<4  (-14) 

(1)  Rate  coefficients  have  units  of  cm^  s-l  except  in  the  case  of  the  3-body 
association  reaction  (asterisked).  Rate  coefficients  are  as  indicated :  e.g., 
for  C0+  +  H2,  k  =  2.0 (-9)  is  equivalent  to  2.0  x  10-^  cm^  s  .  The  numbers 
in  parentheses  after  each  product  channel  represent  the  percentage  product 
ion  distribution.  Where  no  significant  reaction  was  observed  an  upper 
limit  to  the  rate  coefficient  is  quoted.  In  the  reactions  of  HnC0+  with  N2, 
the  replacement  of  CO  by  N2  to  yield  HjjN^  could  not  be  detected  and  thus  is 
not  subject  to  the  upper  limit  quoted. 

(2)  For  reactions  of  HT)C0+  ions  with  N2  and  CO,  k  <  4(-14). 

Reference:  N.  C.  Adams,  D.  Smith,  and  D.  Grief,  Int.  J.  Mass  Spect.  Ion  Phys.  26, 
405  (1978). 
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Tabular  Data  B-l.B-22.  Rate  constants  for  the  reaction  of  (^(a^H  )  ions  with 
CH^  at  relative  kinetic  energies  0.04  -  1.2  eV.  Experiment  was  per¬ 
formed  in  a  flow-drift  tube  with  He  buffer  gas.  The  reactions  studied 
are  the  following: 

1  K 

0*(a4n  )  +  CH,  -i-  CH^  +  R0„  +  3.8  eV 

2  u  4  3  2 

K2  + 

—  >  CH.  +  0„  +  3.4  eV 
4  2 

£ 

ot(X2n  )  +  CH,  +  4.0  eV 
2  g  4 

The  rate  constant  k  applies  to  the  total  loss  of  O2  metastables  where 
k*=k^+k2+k^. 


KEcm(ev) 


The  experimental  uncertainty  of  the  data  is  believed  to  be  less  than 
40%.  The  relative  magnitude  for  the  first  two  processes  was  determined 
to  be  approximately  k-^k,,  £  2. 

Reference:  W.  Lindinger,  D.  L.  Albritton,  and  F.  C.  Fehsenfeld,  J.  Chem. 
Phys.  70,  2038  (1979). 
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INTRODUCTION 


This  section  represents  an  update  of  Section  B-l.C  of  Technical  Report 
H-78-1  "Compilation  of  Data  Relevant  to  Nuclear  Pumped  Lasers"  Volume  IV, 

U.S.  Army  Missile  Research  and  Development  Command,  Redstone  Arsenal,  December 
1978.  It  includes  the  results  of  a  literature  search  for  the  period  August 
1978  to  August  1980.  In  order  to  limit  transcription  errors  published  data 
tables  have  been  reproduced  in  their  original  form  although  this  does  result 
in  the  data  presentation  having  a  lack  of  logical  order.  Where  possible  the 
full  reaction  equation  has  been  presented.  Where  the  post  collision  states 
are  not  specified  then  it  was  not  clear  from  the  original  publication  what 
final  states  were  involved. 

To  aid  in  location  of  reactions  of  interest  we  list  below  the  excited 
species  being  quenched  with  the  table  or  figure  number  where  the  data  are 
located.  Excited  species  are  separated  into  mono-,di-and  tri-atomic  molecules 


and  ordered  by  increasing 

molecular  weight 

• 

Reaction  Locator 

Reaction 

Locator 

Exci ted 

Table  or  Figure 

Excited 

Table  or 

State 

Number . 

State 

Figure  Number. 

Monoatomic  Species 

Triatomic 

Species 

He 

B-l.  C-l 

03 

B-l.  C-16 

0 

B-l .  C-4  & 

05 

CO  2 

B-l.  017 

S 

B-l.  06 

n2° 

B-l.  C-l 7 

Ar 

B-l.  C-2  & 

n 

i 

OJ 

Ca 

B-l.  07 

Kr 

B-l.  C-2 

Sr 

B-l.  07 

Xe 

B-l.  C-2 

Diatomic  Species 

LiH 

B-l.  08 

HF 

B-l.  08 

HC? 

B-l.  08  & 

09 

DO 

B-l.  C-8 

SiF 

B-l.  012 

s2 

B-l.  C-ll 

HBr 

B-l.  C-8 

DBr 

B-l.  C-8 

GeF 

B-l.  012 

KrF 

B-l.  C-10 

XeF 

B-l.  C-10 

CsF 

B-l.  014 

HgC? 

B-l.  015 

HgBr 

B-l.  C-l 5 

Hgl 

B-l.  015 
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Tabular  Date  B-l.  C-l.  Rate  Coefficients  for 

Quenching  of  He(23s). 


Reactant  Rate  coefficient 

o  Kr 

A)  Three  body  rates  for  He(2  S)+X+X-+He(?)+X+X  Xe 

(units  of  10  ^  cm^  sec  at  300°K.  Hl 

o, 

NO 
HBr 
HC1 
H,0 

n,o 

NO, 

CO, 

NHj 
CH, 

C:»6 

CjH, 

CC1,F,(F-12) 

CCljF(F-ll) 


3 

B)  Two  body  rates  for  He(2  S)+X-+He(?)+X 
(units  of  10  ^  cm"*  sec  at  300°K. 

Reactant 

Kr  Xe  H,  O,  NO  HBr  HCl  11,0  N,G  NO,  NH,  C,H(  C,H,  CC1,F, 

To  liTi  TTs  19  23  78  58  78  44  63  88  30  31  47 

Reference.  C.  B.  Collins  and  F.  W.  Lee,  J.  Chem.  Phys.  TO,  1275  (1979). 


0.861+0.  3. -0.86) 
2.21+0.6) 

1. 2(+  0.3) 

3.1(±  1.2) 

4.  3(+  2.  0) 
2.41*4.8,  -2.  4) 

2.  9(±  2. 9) 

19(+  15) 

8.  8(*  3.  0) 

6. 6(*  2. 6) 

8.  4(  *  4.  0) 

6.31+2.0) 

8.  l(+2.  0) 
6.51+4.0) 

15.  4(*  7. 0) 


CC1,F 

80 


3753 


Tabular  Data  B-l.  C-2.  Rate  Coefficients  and  Cross  Sections 

for  Quenching  Metastable  States  of  Ar , 
Kr  and  Xe. 


Cross  sections: 
Reaction  rates: 
Temperature : 


.  m  m  ..  m. 

Ar  (or  Kr  or  Xe  )+X-*Ar(or  Kr  or  Xe)+X 

o  (X2) 

„  ,  3  -1, 

K^Ccm  sec  ) 

300°K 


Kf.mi'nt 

Ar  (V;) 

Ar(JP,l 

Kr(V;) 

Xe(5P,) 

a 

c 

*g 

if 

kQ 

0 

X»- 

I8d 

■w 

30 

58 

16' 

16 

Kr 

l). 

1.3 

0.  2a 

O.  5 

Hu 

30h 

20  i  1(1 

00  i  30 

■  O.  001 

8  0.  004 

H; 

0.  ti' 

3.6 

7.8d 

4.3 

3.  0 

1.7 

1 .  O' 

0.  9 

D; 

•1 . 7d 

3. 6 

7.  8d 

5.  9 

2.5 

1 . 9 

CO 

1 . 4d 

2.3 

13d 

21 

5.  8 

10.  5 

3.0C 

7.0 

n2 

3  6* 

5.8 

1 .  Gd 

2.5 

0.  39 

0.  7 

1.9‘ 

3.  7 

NO 

23d 

36 

25d 

41 

19 

35 

27* 

54 

N,0 

44d 

81 

48d 

6? 

31 

66 

44' 

100 

o, 

21d 

35 

24d 

41 

16 

31 

22' 

44 

SO; 

64 

120 

58 

139 

CO, 

63d 

97 

59d 

108 

40 

85 

45' 

103 

cos 

79d 

155 

HC1 

37* 

65 

56* 

119 

HBr 

52' 

10G 

61* 

173 

HI 

75»*‘ 

155* 

F; 

75* 

132 

90 

100 

72' 

140 

75' 

161 

Cl; 

71* 

142 

72 

138 

73' 

179 

72' 

193 

Br: 

05* 

147 

61 

179 

60* 

202 

ICI 

61* 

138 

49 

143 

50* 

171 

IBr 

71 

216 

C1F 

74" 

141 

68 

156 

60' 

148 

OF; 

57* 

107 

53 

121 

57* 

139 

NOC1 

4  8* 

95 

51* 

135 

NOF 

36" 

08 

47* 

102 

45 

106 

NFj 

14* 

28 

7 

13 

12 

29 

9* 

23 

N;F, 

31* 

65 

33* 

90 

BF3 

23 

56 

CFjOF 

43* 

91 

42* 

114 

47* 

143 

sf4 

33 

71 

41 

88 

SFt 

10 

36 

17d 

38 

18 

51 

23 

75 

ScFh 

71* 

166 

65* 

246 

TcF, 

58* 

135 

63* 

230 

SO;  F; 

42 

H9 

SjCl; 

54 

1  15 

48 

129 

49 

150 

SOC1; 

67 

145 

58 

163 

58 

182 

CS; 

106d 

218 

80 

210 

C  Fjl 

47 

108 

49 

148 

52* 

184 

CF,Br 

31 

69 

34 

77 

50 

145 

42 

140 

PCI; 

53* 

116 

con. 

47 

100 

42 

89 

52 

140 
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Tabular  Data  B-l.  C-2  (continued) 


Ar(3P2) 

Ar(3p, 

Kr  <3P2) 

Xe(3P.) 

Reagent 

fe0 

<7 

*0 

a 

(7 

kQ 

< 7 

SiF4 

22 

59 

SiCh 

69 

206 

CFjCl 

22 f 

47 

27 

57 

14 

38 

CKjCl, 

37 

81 

57 

116 

CCljK 

55 

121 

43 

95 

CC14 

100* 

220 

69 

201 

cf4 

4“ 

8 

4“ 

8 

0.07 

0.  2 

0.03 

0. 

CFjH 

3l“ 

64 

15 

37 

0.2 

0. 

CF2Hj 

35 

79 

41 

99 

C  FHj 

34 

58 

46 

90 

44 

91 

ch4 

33“ 

45 

55 

74 

37 

54 

33° 

49 

h2o 

48* 

67 

CHjOH 

GO1 

100 

HjS 

80 

146 

70 

145 

NH3 

541 

74 

90 

135 

59 

115 

HCN 

58“ 

94 

BrCN 

40* 

91 

C2N; 

51 

114 

c2n^ 

6G“ 

109 

50 

93 

64c 

125 

CjHe 

73“ 

134 

0.54 

123 

W  — C4  H  JQ 

7G“ 

149 

72 

166 

68 

170 

CbH(2 

100* 

200 

72 

192 

c2h2 

56“ 

89 

70 

130 

c.n4 

54 

99 

58 

110 

c,h« 

79* 

161 

CsHsCHj 

881 

154 

Reference:  J.  Velazco,  J.  H.  Kolts  and  D.  W.  Setser.  J.  Chem.  Phys.  69 
4357  (1969).  ~ 

Note:  This  reference  contains  many  comparisons  with  data  from  other 

sources . 
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Tabular  Data  B-l.  C-3  Rate  Coefficients  for  Population 

Transfer  Between  Levels  of  Argon 


k  . 

S  i  i 

Ar(3p  4p) .  +  Ar (  S  )  t  Ar(3p  4p)  .  +  ArCS  ) 
1  °  ,  .1  o 

kil 


Temperature:  300°K 


Coefficients  in  units  of 


.( 


12  3  -1 

cm  s 


Reference:  T.  D.  Nguyen  and  N.  Sodeghi,  Phys.  Rev. 
1388  (1978). 


A  18 


Tabular  Data  B-l.  C-4 


Rate  Coefficients  for 
Quenching  0(^D) . 


0(1D)  +  X  ->  0(?)  +  X 

Reaction  rates  k  in  units  of  10  ^  cm^  s  ^ . 
Temperature  T(°K) 


N.O 

TOO  k 

h2 

T(K>  t 

HC1 

TOO  i 

NHS 

T(K)  * 

CH, 

T(K)  k 

359 

1.3 

352 

1.  1 

379 

1.5 

354 

2.3 

357 

1.6 

359 

1.2 

333 

0.95 

355 

1.4 

354 

2.4 

352 

1.5 

352 

1.  0 

313 

0.95 

354 

1.4 

333 

2.  5 

324 

1.4 

352 

1.  0 

295 

0.  93 

337 

1.4 

313 

2.5 

314 

1.2 

352 

1.0 

273 

0.  98 

328 

1.5 

297 

2.7 

290 

1.4 

351 

1.  2 

243 

1.  1 

314 

1.4 

293 

2.4 

258 

1.2 

343 

1.  1 

233 

0.96 

300 

1.4 

273 

2.4 

253 

1.3 

334 

1. 1 

223 

1.0 

293 

1.3 

253 

2.5 

228 

1.5 

316 

1.  1 

213 

0,94 

293 

1.4 

253 

2.4 

222 

1.4 

294 

1.2 

204 

1.0 

292 

1.4 

233 

2.5 

203 

1.4 

289 

1.3 

291 

1.5 

223 

2.4 

198 

1.4 

253 

1.2 

273 

1.4 

214 

2.  8 

244 

1.2 

262 

1.3 

213 

2.3 

234 

1. 1 

253 

1.4 

204 

2.  7 

223 

1.2 

253 

1.4 

212 

1.2 

233 

1.4 

208 

1.  1 

230 

1.3 

207 

1. 1 

223 

1.5 

204 

1.1 

213 

1.5 

199 

1.4 

Also  at  298°K  only:  - 


C0„ 


H2° 


2.4  +  0.5 


0.37  ±  0.07 


0.28  ±  0.6 


1.0  ±  0.2 


2.3  ±  0.4 


Reference:  J.  A.  Davison,  H.  I.  Schiff,  G.  E.  Streit,  J.  R.  McAfee, 
A.  L.  Schmeltekopt  and  C.  J.  Howard,  J.  Chem.  Phys.  67 , 
5021  (1977). 
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Graphical  Data  B-l.  C-5.  Branching  Ratios  for 

reaction  of  0(1d_)  with 
n2o.  1 


Data  represent  the  ratio  of  reaction  rates  k  /k^  for  reaction 
la  and  lb  of  the  following  set,  measured  with  an  He  buffer  gas. 


OC/3, )  +  N,Q 


reaction  channels 

/  Nj  +  O, 

(la) 

l  2  NO 

(lb) 

l  N  +  NO, 

(1c) 

(  (XJP)  +  N,0 

(Id) 

\  20(>P)  +  N, 

(le) 

Ml. 


*11  190  174  160 

T  ~ r  ■  ■  t  i 


("•I'M 


Ratio  as  a  function  of  He  to  N20 
molecular  number  density  at  300°K 


Ratio  as  a  function  of  temperature  at 
a  molecular  number  density  ratio  (He  to 
N2O)  of  56. 


Reference:  J.  A.  Davison,  C.  J.  Howard,  H.  I.  Schiff  and  F.  C.  Fehsenfeld, 
J.  Chem.  Phys.  70,  1697  (1979). 


Tabular  Data  B-l.  C-6 


Rate  Coefficients  for  Collision 
Induced  Emission  from  S(^S). 


S^S)  +  X  -*  S(1D)  +  X  +  hv 

X  =  He,  Ar,  N2>  H2 ,  Kr ,  Xe 

Temperature:  232,  296  and  425°K 


Fate  coefficient  ft  (cm5  molecule"1  sec"1) 


Gas  232  °K  296  8K#  425  °K 


He 

(4 

3  * 

0. 

7)  x  10"2<} 

(5,6  *0 

9)  *  10-” 

(5 

4*0 

6)  x 

10"2 

Ar 

(4 

8 

0. 

3)  x  10'18 

<4.2  tO 

3)  x  10-” 

(4 

9*0 

3)  x 

10" 

Nj 

<4 

0  * 

0. 

2)  x  lO-18 

<3  3*0 

2)  x  10"1* 

(4 

4*0 

2)  x 

10" 

h2 

(1 

86 

tO 

19)  x  10' 

ts 

U.73*< 

.  15) x 10-” 

(2 

4*0 

2)  x 

10" 

Kr 

(1 

96 

*0 

15)  x  10' 

fr 

U.S*0 

l)x  10'1’ 

(1 

5*0 

l)x 

10" 

Xe 

(1 

65 

±0 

15)  x  10 

11.1*0 

05)  x  10-" 

(8 

6*0 

4)  x 

10" 

*G.  Black,  R.  L.  Sharpless,  and  T.  G  Slanger,  J.  Chem. 
Phya.  63,  4551  (1975). 


Reference:  G.  Black  and  R.  L.  Sharpless ,  J , Chem.  Phys, 

70,  5571  (1979). 

.  — . -  -  - . — . — . .  .... -  -  ■■  - —  ■  aaasa  as  1  at 


Tabular  Data  B-l.  C-7  Cross  Section  for  De-Excitation  of 

Ca  and  of  Sr. 

Ca(1P1)  +  X  Ca(3PJ)  +  X 

Sr(1P1)  +  X  ->  SrC^j)  +  X 

X  =  He,  Ne,  Ar,  Kr,  Xe. 

Date  are  reaction  cross  sections  measured  at  900  K  for 

Ca  and  800°K  for  Sr. 


Calcium 

Strontium 

He 

0.025 

0.38 

Ne 

0.028 

0.61 

Ar 

0.046 

1.6 

Kr 

0.064 

1.4 

Xe _ 

1.15 

0.25 

Reference:  J.  J.  Wright  and  L.  C.  Balling,  J.  Chem.  Phys.  12 > 
1617  (1980). 
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1 


C2(v=l)+H  C*. (v=0)  t  h  Cf.(v=0)+H  J  C£(v=l)  298°K  1.91+0.04x10” 11  cm 


Tabular  Date  B-l.  C-8  (continued) 


Quenching  and  Energy  Transfer  for  Hydrides. 


References : 

(1)  A.  B.  Horwitz  and  S.  R.  Leone,  J.  Chem.  Phys.  69,  5319  (1978). 

(2)  I.  W.  M.  Smith  and  D.  J.  Wrigley,  Chem.  Phys.  Letts.  70,  481  (1980). 

(3)  L.  Doyennette,  F.  A.  Adel,  A.  Chakroun,  M.  Margotin-Maciou  and  L.  Henry, 
J.  Chem.  Phys.  6(9,  5334  (1978). 

(4)  P.  J.  Dagdigian,  B.  E.  Wilcomb  and  M.  H.  Alexander,  J.  Chem.  Phys.  71 , 
1670  (1979) . 

(5)  R.  G.  Macdonald  and  C.  Bradley  Moore,  J.  Chem.  Phys.  73  >  1681  (1980). 
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Graphical  Data  B-l.  C-9  Rate  Coefficient  for  Isotopic 

Vibrational  Energy  Transfer  in 
H  35C2.  -  H  37CH. 


i  35C«.(v=l)  +  H  37C£(v-0)  t  H  35C«,(v=0)  +  H  37C«,(v=l) 


200  300  400  300  600 


T(*K) 


Reference:  A.  B.  Horvitc  and  S.  R.  Leone,  J.  Chctn.  Phya .  1Q_,  4916 


Tabular  Data  B-l.  C-10.  Rate  Coefficients  for 

Quenching  Rare  Gase  Halides. 


Reaction 

Temp . 

OK 

Rate 

Coefficient 

Reference 

KrF(B) 

+ 

He 

-> 

Quenching 

300 

_  .  .  -13  3  -1 

3.3x10  cm  s 

1 

KrF(B) 

+ 

2He 

-► 

Quenching 

300 

in'33  6  -1 

<10  cm  s 

1 

KrF(B) 

+ 

Ne 

-> 

Quenching 

300 

,  ,  .--12  3  -1 

1.6x10  cm  s 

1 

KrF(B) 

+ 

2Ne 

Quenching 

300 

in-32  6  -1 

<10  cm  s 

1 

KrF(B) 

+ 

Ar 

Quenching 

300 

.  q  ..-12  3  -1 

1 . 8x10  cm  s 

2 

KrF(B) 

+ 

2Ar 

-> 

Quenching 

300 

.  .  -31  6  -1 

1.1x10  cm  s 

2 

KrF(B) 

+ 

Kr 

-*■ 

Quenching 

300 

-12  3  -1 

<  1.6x10  cm  s 

3 

KrF(B) 

+ 

Ar  + 

Kr  - 

Quenching 

300 

6.2x10  33  cm^  s 

3 

KrF(B) 

+ 

2Kr 

Quenching 

300 

q  7  in-31  6  -1 

9.7x10  cm  s 

2 

KrF(B) 

+ 

Xe 

-V 

Quenching 

300 

-9  3  -1 

>  10  y  an  s 

1 

KrF(B) 

+ 

f2 

-V 

Quenching 

300 

,  q  1  -10  3  -1 

4.8x10  cm  s 

2 

KrF(B) 

+ 

NF, 

► 

Quenching 

300 

-11  3  -1 

5.2x10  cm  s 

1 

XeF(B) 

+ 

He 

-V 

Quenching 

300 

-13  3  -1 

4.07x10  cm  s 

4 

XeF(C) 

+ 

He 

Quenching 

300 

.  9  7  -13  3  -1 

1.2x10  cm  s 

5 

XeF(B) 

+ 

Ne 

-V 

Quenching 

300 

7  AQ  1  rT13  3 

7.68x10  cm  s 

4 

XeF(B) 

+ 

2Ne 

Quenching 

300 

9  c  in“33  3  -1 

2.3x10  cm  s 

6 

XeF (C) 

+ 

Ne 

Quenching 

300 

7  in"13  3  -1 

3x10  cm  s 

5 

XeF(B) 

+ 

Ar 

-V 

Quenching 

300 

,  go  -m"12  3  -1 

4.92x10  cm  s 

4 

XeF(C) 

+ 

Ar 

-> 

Quenching 

300 

q  in-14  3  -1 

9x10  cm  s 

5 

XeF(B) 

+ 

Kr 

-> 

Quenching 

300 

0  ,  in-ll  3  -1 

2.1x10  cm  s 

7 

XeF (B) 

+ 

Xe 

-v 

Quenching 

300 

~  07  in-ll  3  -1 

3.27x10  cm  s 

4 

XeF(C) 

+ 

Xc 

-> 

Quenching 

300 

1.0xl0~12  cm3  s_1 

5 

XeF(B) 

+ 

F, 

Quenching 

300 

-  -  .--10  3  -1 

3.8x10  cm  s 

4 

XeF (C) 

+ 

-V 

Quenching 

300 

_  .n-ll  3  -1 

8x10  cm  s 

5 

XeF(B) 

+ 

/ 

NF0 

-V 

Quenching 

300 

2.8x10  33  cm 3  s 

4 

XeF(C) 

+ 

NF 

-w 

Quenching 

300 

t  t  m'11  3  -1 

1.6x10  cm  s 

5 

XeF(B) 

+ 

XeF. 

-  V 

Quenching 

300 

2.56xl0_1°  cm3  s"1 

4 

XeF(C) 

+ 

XeF- 

*>• 

Quenching 

300 

1.7xl0-10  cm3  s”1 

5 

XeF (B) 

+ 

-V 

Quenching 

300 

2.3x10  33  cm3  s 

6 

XeF (C) 

4- 

z 

N 

2 

Quenching 

300 

.  n-13  3  -1 

4x10  cm  s 

5 

Note:  For  information  on  different  quenching  paths  for  XeF* 
see  Refc.  7. 
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Tabular  Data  B-l.  C-ll.  Collision  Induced  Energy  Transfer 

From  Vibrational  and  Rotational 
States  of  S  . 


S2(v'  =  4,  N'  =  40,  J*  =  4)  +  X 

-  S^Cv’  =  all  other  values)  +  X  rate  V 

-  S2(v'  =  3)  +  X  rate  V^3 

-  S  (v'  =  5)  +  X  rate  V 

-v  S„  (v '  =  4,  N",  J"  =  N"  +  1)  +  X  rate  R 

2 

-*•  S_(v'  =  4,  N",  J”  =  N"  -  1)  +  X  rate  R 

2  3 

S„  (v '  =  4,  N",  J"  =  N")  +  X  rate  R 

2  *2 

Temperature:  300°K 


Vibrational  Transfer  Rotational  Transfer 


Gas 

o 

1 

o 

3  -1 

cm  s 

P*.» 

I 

10  cm  s 

He 

-2 

Ar 

Xc 

He 

2.0  *  0.2 

1.09  *  0. 12 

0.54  *0.04 

Ft  levels 

Ne 

1.55  *0.10 

0.70  *  0.07 

0.33 «  0.03 

50 

0.24  *0.07 

0.  17  *0.08 

0.  13*0.03 

Ar 

1.22  *  0. 12 

0.61  t  0.06 

0.29  *0.03 

46 

0.45*0.09 

0.  26  *  0.  09 

0.  16  *  0.  03 

Rp 

44 

0.58*0.  15 

0.32*0.  11 

0.  18*0.05 

Kr 

2.05  *  0. 15 

0.97  *  0. 10 

0.36*0.04 

42 

1.  21  *0.  18 

0.80*0.14 

0.39*0.07 

Xe 

2.6  t  0.2 

1.06  *0.11 

0.52  *0.05 

38 

1.  05*0.  12 

0.  71  *0.  15 

0.42*0.08 

H; 

5.3  *  0.6 

2.4  *0.2 

1.08  *0.16 

36 

0.57*0.09 

0.  33  *  0.  08 

0.  19*0.05 

n3 

2.5  *0.2 

1.15  *0.10 

0.49  *0.05 

34 

0.43*0.07 

0.24  *0.06 

0.  18*0.03 

....  = 

F}  levels 

48 

0.36*0.11 

0. 14*0.07 

0.  10  *0.03 

44 

0.  54  +  0.09 

0.  29*0.08 

0.  09*0.03 

F 

42 

0.  40  *0.08 

0.27*0.09 

0.07*0.03 

j 

40 

0.27*0.  15 

0.  18*0.09 

0.07*0.03 

F j  levels 

K 

42 

0.07*0.06 

0.06*0.06 

0.08*0.08 

F2 

40 

•  •  • 

•  •  • 

0.04*0.04 

References:  T 

.  A .  Caugher 

1 

,  and  D.  R.  Crosley,  J. 

Chem.  Phys. 

69,  3379. 

(1978). 

Ibid.  71,  736  (1979). 
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Tabular  Data  B-l.  C-12  Rate  Coefficients  for  Vibrational 

Quenching  of  GeF  and  SiF. 


GeF(A  i ,v'=0,l,2)  +  Gas  ->  Quenching 


Temperature  300  K 


State 

pimped 

(GeF) 

Quenching 

gaa 

Quenching 

rate 

(sec"1  Torr"1) 

A  1UV  =  0) 

Gell4  +  F2  +  He 

1.  Ox  10s 

A2Z{  v'  =  1) 

He 

1. 6  x  105 

SF« 

1.0X10* 

N: 

5.8x10* 

GeH4  +  Fj  +  He 

9.  0  x 10* 

A  *Z(v'  =2) 

He 

1.  6  x  10s 

sf6 

5.  9  x  10s 

n2 

6.9X10* 

GeH4  +  F2  +  He 

6.0  x  10* 

SiF(A  T,  v'=0)  +  Gas  -*  Quenching 
Temperature  300°K 


State 

pumped 

(SiF) 

Quenching 

gas 

Quenching 

rate 

(sec'1  Torr'1) 

a!r<e’  o) 

SiH4  +  Fj  +  He 

1. 4  x 10s 

© 

ii 

5 

He 

6.5X10* 

Reference:  R.  A.  Anderson,  L.  Hanko  and  S.  J.  Davis,  J.  Chem.  Phys.  68,  3286, 
(1978). 


Tabular  Data  B-l.  C-13  Rate  Coefficients  for  Vibrational  Quenching 

of  nh3. 


NH3(v=1)  +  M  -*  Quenching. 


M 

k  (Psec'1  Torr'1) 

k  (cm3  molecule' 

NH3b 

1.3 

3.  9x  io'11 

N113c 

1.2 

3.6  xio'11 

He 

9.  3V  10'3 

t.  »x  jo'13 

Ar 

5.  9  '■  10" 1 

1. 8  x  io'13 

Nj 

1.2V  10': 

_  3.6  xiO'13 

o. 

1. 4  ¥  10’3 

4.  2 x  10'13 

Reference:  F.  E.  Hovis,  C.  B.  Moore,  J.  Cliem.  I’hys.  69,  4947,  (1978) 
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Tabular  Data  B-l.  C-14  Cross  Sections  for  Quenching  of 

Rotational  States  of  CsF. 


CsF(ji,  mi)  +  X  CsF(jf,  mf)  +  X. 

Collision  velocity:  Configuration  A  480m  s 

Configuration  B  550m  s 

•  92 

Data  are  cross  sections  in  A  . 


Transition 

type 

Aj  -  1,  Am  =  0 

Ai=2 
am  =  0 

1. 

Am  =  1 

Aj=  0, 

Am  =  1 

c 

o 

o 

O 

O 

© 

***• 

a 

cm' 

«-T 

CM* 

n 

a 

T 

7 

7 

7 

7 

t 

t 

7 

7 

© 

© 

© 

© 

© 

© 

*— 4 

© 

CM 

Gas 

U 

CM 

CM 

CO 

£2 

zt 

He 

A 

... 

3.  9*0.  5 

7. 2*2. 5 

3*1 

0.9*0. 3 

... 

... 

... 

B 

17*4 

3*1 

... 

*  '  * 

*  ‘  * 

2.9*2 

7*2 

. . . 

• . . 

Ne 

A 

... 

4*1.5 

5.6*  1 

1.6*0. 5 

0.8*0. 3 

... 

. . . 

... 

B 

13  t  3 

3.5*  1 

3*1 

2. 2*0. 5 

*  *  * 

3.1*1 

2.5*1 

4.1*3 

5.5*2 

Ar 

A 

... 

4.4*  1.5 

5.7*1 

2.4  *  1 

0.6*0.  3 

... 

•  *  . 

... 

B 

14  *3 

*  *  * 

3.2*  1 

2.2*1 

.  .  . 

5.1*2 

2.3*1 

5*4 

4.5*2 

Kr 

A 

... 

1.9*1 

4  1 1 

2.3*0. 5 

0.5*0. 3 

... 

... 

•  .  . 

t 

13*3 

.  .  . 

2.5*  1 

1.9*0. 5 

'  '  * 

5.4*2 

2*1 

7*4 

4.5*2 

Xe 

A 

... 

3*1 

5*1 

3.5*  1 

0. 7*0.3 

... 

‘  *  * 

.  .  . 

... 

CHj 

A 

... 

2.7 

6.3 

4.0 

0.8 

•  •  a 

*  *  * 

... 

cf4 

A 

... 

2.3 

6.5 

4.7 

1.2 

... 

.  .  . 

SFt 

A 

... 

2.2 

4. 7 

2.4 

0.5 

.  .  . 

... 

... 

CSH, 

A 

... 

4.3*  1.2 

13.  8*3.3 

7.  8*2.  1 

0.25*0.1 

..  . 

... 

.  .  . 

Nj 

A 

... 

10*3.5 

47  *  12 

29*  8 

0.65*0.2 

... 

.  .  . 

.  .  . 

CO 

A 

... 

12.2*3.6 

54  t  12 

43  *  10 

0.8*0. 2 

... 

.  .  . 

*  *  * 

COj 

A 

... 

19.2*5.6 

96*25 

74  *  28 

1.8  *0.5 

... 

... 

.  .  . 

NjO 

A 

... 

14 

94 

91 

2.3 

.  .. 

.  .  . 

.  .  . 

CHjCl 

A 

... 

28 

165 

194 

8.2 

... 

... 

•  •  » 

CHjBr 

A 

... 

23 

151 

127 

5.6 

... 

.  .  . 

.  .  . 

CFjH 

A 

... 

135*50 

620*  170 

420  *  115 

17*5 

... 

... 

... 

CFjCI 

A 

... 

29 

207 

196 

6.5 

.  •  . 

*  •  • 

.  .  . 

CFjBr 

A 

33 

225 

217 

7.5 

... 

•  *  * 

.  .  . 

Reference:  U.  Borkenhagen,  H.  Malthan  and  J .  P .  Tocnnics ,  J.  Chen.  Phys. 
71,  1722  (1979). 
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Tabular  Data  B-l.  C-15.  Rate  Coefficients  for 

Quenching  Mercury  Halides . 

)  4-  Y  -*•  Quenching. 

^2 

2 

HgI(C  if!  )  +  Y  -*•  Quenching. 

-2 

where  X  =  Ci,  Br,  I 

Y  =  see  below. 

Temperature:  300°K 

3  -1 

Note:  The  data  are  the  product  of  the  reaction  rate  k  (cm  s  ) 
and  the  lifetime  of  the  excited  state  t  (s) . 


k  x (cm 

3) 

Y 

HgCl*  (B) 

HgBr*  (B) 

Hgi*  (B) 

mmm 

He 

-22 

9.0x10 

-22 

<  8.0x10 

-22 

<  8.0x10 

-19 

4.2x10 

Ne 

-22 

7.3x10 

-22 

<  8.0x10 

-22 

<  8.0x10 

-19 

5.6x10 

Ar 

-21 

1.1x10 

-21 

1.7x10 

-21 

2.9x10 

1  8 

1.8x10" 

Kr 

-21 

1.6x10 

— 

_ 

- 

Xe 

-21 

6.9x10 

-21 

8.9x10  1 

-21 

6.1x10 

4.5xl0"18 

Xe 

2.7x10  ^  cm8 

<  3.0x10  ^  cm8 

-41  6 

<  3 . 0x10  cm 

- 

(3  body) 

N 

2 

-21 

1.4x10 

-8 

-22 

<  8.0x10 

-22 

<  8.0x10  * 

T  ft 

2.6x10 

C£0 

3.8x10 

HCJt 

2.5xl0~18 

- 

- 

- 

cce 

3 . 5xl0~18 

_ 

— 

— 

4 

Br 

_ 

6.9x10  ^8 

_ 

2 

HBr 

— 

3.0xl0-18 

— 

- 

CF-Br 

— 

2 . Ixl0~18 

- 

- 

3 

CC£-Br 

_ 

—  1  ft 

4.4x10 

_ 

_ 

3 

l0 

_ 

_ 

<  3 .OxlO-17 

2 

CF  + 

_ 

_ 

7 . 9xl0-18 

3 

Reference:  A.  Mandl,  J.  H.  Parks  and  C.  Roxlo,  Proceedings  of  the  International 
Conference  on  Lasers  '79.  p.  828. 
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Graphical  Data  B-l.  C-16.  Rate  Coefficient  for  Vibrational 

Quenching  of  0^  by  HCJl. 


HOI  +  03(001)  -*■  HC£  +  03(000) 


IO’/T  (K"*) 


Reference;  R.  J.  Gordon,  P.  Brutto,  and  J.  Moore, 
J.  Chem.  Phys.  69,  3439  (1978). 
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Tabular  Data  B-l.  C-17.  Rate  Coefficients  for  Vibrational 

Quenching  of  C02  and  ^0. 


Note;  Reaction  rates  are  given  in  units  of  sec  torr 


Reaction 

Temperature 

°K 

Rate 

Sec  3  torr  3 

N20(m,n*',l)  +  HC£  N^On.n^.O)  +  HC2 

300 

12.5xl0-3 

-3 

400 

10.2x10 

500 

9.7xl0~3 

600 

9.4xl0‘3 

700 

8.9xl0~3 

N20  (0,0,1)  +  CH^  •+  Quenching 

300 

5.4xl0~3 

-3 

+  CH^D  -+•  Quenching 

300 

40x10  ° 

,  -3 

+  CH2D2  "*■  Quenching 

300 

86x10 

-3 

+  CHD_  Quenching 

300 

145x10  J 

3 

+  CD^  -*  Quenching 

300 

199xl0~3 

C02(m,n*',l)  +  HCK.  ->  C02(m,n£,0)  +  HC* 

300 

3.7xl0"3 

-3 

400 

2.8x10  J 

500 

2.7xl0-3 

600 

3.3xl0_3 

700 

3.8xl0-3 

800 

4. 5xl0~3 

900 

5.3xl0_3 

C02  (0,0,1)  +  CH^  -*•  Quenching 

300 

4.7xl0-3 

-3 

CH^D  •>  Quenching 

300 

43.6x10 

-3 

CH2D2  -*■  Quenching 

300 

99.0x10 

-3 

CHD^  -*•  Quenching 

300 

153.0x10 

-3 

CD^  -+  Quenching 

300 

181.0x10 

References:  R.  Mehl,  S.  A.  McNeil,  L.  Napolitano,  L.  M.  Portal,  W.  S.  Drozdoski 
and  R.  D.  Bates,  J.  Chem.  Phys.  6j?,  5349  (1978). 

L.  Doyenne tte,  F.  A.  Adel,  A.  Chakroun,  M.  Margot t in-Mac iou  and 
L.  Henry,  J.  Chem.  Phys.  6j),  5334  (1978). 
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The  data  presented  here  are  for  processes  involving  electron  exchange 
between  two  colliding  systems  as  represented  by  the  following  equations: 

A+  +  B  -*  A  +  B+  (1) 

A-  +  B  -►  B  +  A”  (2) 

A  +  B  A++  B~  (3) 

A+  +  B~->-  A  +  B  (4) 

Reactions  1,2  and  3  are  conventionally  known  as  charge  transfer  or  electron 
capture  while  reaction  4  is  known  as  mutual  neutralization.  In  some  cases  where 
molecular  species  are  involved  the  post-collision  system  may  dissociate;  such 
reactions  are  included.  We  do  not,  however,  consider  here  ion-molecule  reactions 
where  transfer  of  atoms  between  projectile  and  target  molecules  occurs;  such 
reactions  are  considered  in  Section  B-l.B.  The  energy  range  covered  here  is 
from  thermal  to  approximately  100  eV,  with  a  few  exceptions  where  graphical 
data  were  available  both  below  and  above  100  eV  and  there  was  no  reason  not  to 
present  the  entire  graph.  The  reactions  are  listed  in  tabular  form  and  where 
only  a  single  datum  point  is  available  this  is  given  in  the  table.  Where  the 
reaction  has  been  studied  over  a  range  of  energies  the  table  refers  to  a  figure 
which  can  be  found  immediately  following  the  table.  Data  are  presented  in  the 
form  of  cross  sections  (in  cm^  or  or  reaction  rates  (in  cm^/sec) .  In  one 
case  there  is  a  3-body  reaction  (A++B+C->A+B++C)  where  the  reaction  rate  is  in  cm  /sec. 
In  all  cases  the  datum  is  a  cross  section  or  reaction  rate  per  projectile  (atom  or 
molecule)  incident . 

This  table  represents  an  update  and  continuation  of  Section  B-l  (Vol.  I)  of 
Technical  Report  H-78-1  ("Compilation  of  Data  Relevant  to  Rare  Gas  -  Rare  Gas  and 
Rare  Gas  -  Monohalide  Excimer  Lasers")  and  Sections  B-l  and  B-2  (Volume  IV)  of 
Technical  Report  H-78-1  ("Compilation  of  Data  Relevant  to  Nuclear  Pumped  Lasers") 
both  volumes  being  published  by  the  U.S.  Array  Missile  Command,  Redstone  Arsenal, 
Alabama  (in  December  1977  and  December  1978  respectively) .  The  data  are  gleaned 
from  a  search  of  publications  in  the  years  1978  through  August  1980.  In  view  of 
the  continuing  evolution  of  laser  mechanisms  we  have  not  restricted  the  search  to 
rare  gas  and  rare  gas-halide  mechanisms  but  include  also  metallic  and  molecular 
species.  A  rather  complete  listing  of  thermal  energy  reaction  rates  published 
through  1977  can  be  found  in  the  compendium  by  Albritton  (Atomic  and  Nuclear  Data 
Tables  _22,  2  (1978)).  The  present  listing  should  be  regarded  only  as  updating  the 
work  of  Albritton  for  the  limited  area  of  charge  transfer. 

The  table  separates  reactions  of  the  types  1,2,3  and  4  defined  above.  Within 
each  section  the  reactants  are  ordered  first  by  increasing  projectile  mass  and 
secondly  by  increasing  target  mass.  In  many  cases  the  designation  of  a  particle  as 
projectile  or  target  is  arbitrary  and  irrelevant. 


Tabular  Data  B-l.D 


Temperature,  Cross  Section 

Velocity,  or  or 

Reaction  Energv  Reaction  Rate  Reference 


h3+  +  Mr 


He 


He2+  + 


He*  +  1)^ 


He 


+  H 


2 


He"*’  +  2H7 


He*  +  2D2 


+ 

He 


+  He 


Positive  Ion  -  Atom  Collisions. 


*  11.,  +  H  +  Mn+ 

lev 

24x10 

1 

2  cV 

-10  3 

19.2x10  cm  /sec 

1 

3eV 

18.8x10  ^cm^/sor 

1 

4eV 

19.2xl0'10cm3/sec 

1 

5eV 

20.6x10  ^cm 3 /set- 

1 

6eV 

23. 0x10  ^cm^/sec 

1 

lOeV 

27.5x10  3°cm3/sec 

1 

1 5eV 

32.5x10  ^cm^/sec 

1 

20eV 

35.9x10  ^cmVsec 

1 

He  +  H+  +  H 

78-700°K 

Fig.  1. 

2 , 3 

330°K 

1.1x10  *  3cm3/ s 

2 

78°K 

1  . 5x1 0  ^  3cm  V s 

•> 

•  He (3d  'd)  +  2H+ 

JOeV 

2  X2 

4 

20oV 

i  X2 

4 

30oV 

0.7  X2 

4 

1  OO.-V 

0.3  X2 

4 

2  50eV 

0.2  X2 

4 

500eV 

0.05  X2 

4 

Ho  +  D+  +  1) 

310°K 

1.1x10  ^cm3/s 

2 

78°K 

2.4x10  ^cm^/s 

2 

•  He  (3d  Jl»  +  2H+ 

lOeV 

0.2  X2 

4 

20eV 

o.i  X2 

4 

50eV 

6x10  2  X2 

4 

LOOeV 

4xl0'2  X2 

4 

230eV 

2xlO"2  X2 

4 

500eV 

ixio‘2  X2 

4 

‘  He  +  products. 

330°K 

4.4x10  33cm^/s 

2 

78°K 

1.8x10  ^cra^/s 

2 

-•  He  +  products. 

310°K 

2.7x10  ^cm^/s 

2 

78°K 

2.1x10  ^cra^/s 

2 

*  He  +  He* 

2-100eV 

Fig.  2 

5 

He 


3  2+ 

+  He 


V2+ 


V+ 


JO-JO, OOOeV 


Fie.  3 
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Tabular  Data  B-l.D  (Continued) 


Temperature , 

Cross  Section 

Velocity , or 

or 

Reference 

Reaction 

Energy 

Reaction  Rate 

He2  +  He 

1  2+ 

He (3d  D)  +  He 

200eV 

0.5xl0~ 

3  X2 

4 

500eV 

ix.r3 

X2 

4 

2+ 

He  +  He 

3  .  ,,  2+ 

200eV 

lxlO'3 

X2 

4 

-*■ 

He(3d  D)  +  He 

-3 

X2 

SOOeV 

2x10 

4 

He+(ls)  +  Ne 

- 

*  + 

He  +  Ne 

0.1-500eV 

Fig.  4 

7 

2+ 

He  +  Ne 

1  2+ 

He (3d  D)  +  Ne 

50eV 

2xl0'2 

X2 

4 

lOOeV 

lxlO'2 

X2 

4 

250eV 

5xlO~3 

X2 

4 

500eV 

4xl0-3 

X2 

4 

2+ 

He  +  Ne 

3  2+ 

He (3d  D)  +  Ne 

50eV 

5xlO"2 

X2 

4 

lOOeV 

4xl0"2 

X2 

4 

2  50eV 

2xlO~2 

X2 

4 

SOOeV 

2xl0-2 

X2 

4 

2+ 

He  +  Ne 

- 

+•  + 

He  +  Ne 

0-32eV 

Fig.  5 

8 

2+ 

He  +  Ne 

- 

+  + 

He  +  Ne 

300°K 

8.4x10' 

-10  3, 

cm  /sec 

9 

He+  +  Mg 

- 

He  +  Mg2+  +  e 

300°K 

1.6x10' 

*15  2 

cm 

10 

He2+  +  02 

HeOd  LD)  +  20+ 

lOeV 

2  X2 

4 

20eV 

,  X2 

4 

50eV 

0.2  X2 

4 

lOOeV 

0.1  X2 

4 

250eV 

7xl0"2 

X2 

4 

500eV 

5xl0~2 

X2 

4 

He2+  +  0, 

He  (3d  3D)  4-  204 

lOeV 

7  X2 

4 

2 

20eV 

5  X2 

4 

50eV 

0.6  X2 

4 

lOOeV 

0.4  X2 

4 

250eV 

0.2  X2 

■  4 

500eV 

0.2  X2 

4 

2+ 

He  +  Ar 

He+  +  Ar  (?) 

300°K 

2.6x10 

-9 

9 
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Tabular  Data  B-l.D  (Continued) 


Temperature , 

Cross  Section 

Velocity,  or 

or 

Reaction 

Energy 

Reaction  Rate 

Reference 

He+  +  Ca 

- 

He  +  Ca2++  e 

300°K 

1.8xl0~15cm2 

10 

2+ 

He  +  Kr 

- 

+  2+ 

He  +  Kr  +  e 

300°K 

3.9x10  ^cm^/sec 

9 

He+  +  Sr 

- 

2+ 

He  +  Sr  +  e 

300°K 

2.7xlO"15cm2 

10 

2+ 

He  +  Xe 

- 

He+  +  Xe2+  +  e 

300°K 

4.7x10  ^cm^/sec 

9 

He+  +  Ba 

- 

„  2+ 

He  +  Ba  +  e 

300°K 

3.0x10  ^cm2 

10 

N2+  +  He 

- 

+  + 

N  +  He 

l-13eV 

Fig.  6 

8 

N+  +  H,0 

- 

N  +  H20+ 

300°K 

2.8x10  ^cm^/sec 

11 

N+  +  Th 

-> 

N  +  Th+ 

2-500eV 

Fig.  7 

12 

N+  +  U 

N  +  U+ 

2-500eV 

Fig.  8 

12 

f)2+  +  He 

- 

0+  +  HeT 

l-13eV 

Fig.  6 

8 

o++  h2o 

* 

o  +  h/ 

300°K 

3.2x10  ^cm'Vsec 

11 

o+  +  nh3 

- 

0  +  NH3+ 

300°  K 

1.2x10  ^cm^/sec 

11 

o+  +  o2 

0  +  02+ 

300°K 

-11  3 

1.9x10  cm  /sec 

11 

o+  +  o2 

-» 

0  +  o2+ 

300°K 

-11  3 

2.3x10  cm  /sec 

13 

0+  +  T’.i 

■* 

0  +  TH+ 

2-500eV 

Fig.  7 

12 

0+  +  l' 

- 

0  +  l)+ 

2-500eV 

Fig.  8 

12 

NH3+  +  Mg 

* 

NH  3  +  Mg+ 

leV 

2eV 

6.7x10  ^cm^/sec 
3.9x10  ^cm^/sec 

1 

1 

3eV 

3.7x10  ^cm^/sec 

1 

9eV 

3.7x10  ^cm^/sec 

1 

5eV 

3.8x10  ^cm^/sec 

1 

6eV 

3.8x10  ^cm'Vsec 

1 

lOeV 

4.5x10  ^cm’Vsec 

1 

15eV 

5.2x10  ^cm^/sec 

1 

20eV 

5.9x10  ^cm’Vsec 

1 

1 


Tabular  Data  B-l.D  (Continued) 


Temperature , 

Cross  Section 

Velocity, or 

or 

React  ion 

Energy 

Reaction  Rate 

Reference 

H/ 

+  Mg 

... 

H.,0  +  Mg+ 

2eV 

-10  3 

18.4x10  cm  /sec 

i 

3c  V 

14.2xl0'10cni3/scc 

i 

4eV 

-10  3 

13.3x10  cm  /sec 

i 

5cV 

12.5xl0_1°cm3/scc 

i 

hcV 

12.8x10  ^cm^/sec 

i 

lOeV 

14.4x10  ^cin^/sec 

i 

1  icV 

•  7  .  ,n-10  3. 

17.1x10  cm  /sec 

i 

JOeV 

19.0xl0*10cm3/scc 

i 

24 

Nc 

+  Mo 

+  4 

No  +  Ho 

i-lOcV 

Fix.  9 

8 

4 

Ne  4  No 

No  4  Ne* 

300°K 

0.3x10  ^cm3/scc 

14 

No 

4  No 

* 

4  4 

No  +  No 

8-lHcV 

Fig.  5 

3 

2+ 

No 

+  Ar 

4  4 

No  4-  Ar 

o-.’-wv 

Fig.  10 

8 

Nf"+( 1 S )  + 

Ar 

4  +  24- 

No  4-  .\r  (or  Ar  4-e  . ) 

300°K 

1  .0x10  ^cm3/sec 

9 

2+ 
No  ( 

:5d>  + 

Ar 

+  4  2  4 

No  4  Ar  (or  Ar  4«  ) 

300  'k 

7.0x10  ”4m3/sec 

9 

2+ 

No 

(3i‘)  + 

Ar 

4  4 

No  +  Ar 

300°  K 

,  .  ,n-U  3, 

3.3x10  cm  /sec 

9 

No+  ■ 

+•  Ca 

24 

No  4  ca  4  O 

)00°K 

1.9xlO'I5cm2 

10 

Se2+ 

<lc’)  + 

Kr 

4  4  24 

No  4  Kr  (or  Kr  4e?) 

300°  K 

-9  3 

1.7x10  cm  / sec 

9 

Se:+ 

( 1  D»  + 

Kr 

4  4  24 

No  +  Kr  (or  Kr  4o . ) 

300°  K 

8.0xl0‘10cmJ/sec 

9 

2  + 
No 

3 

O')  + 

Kr 

4  4  24 

No  +  Kr  (or  Kr  4e.) 

300°K 

-9  3 

1.7x10  cm  /sec 

9 

No*  - 

*•  Sr 

24 

No  4  Sr  4c 

300°K 

4.9x10  ^  5 cm" 

10 

Nc"* 

(lS)  + 

Xe 

4  24 

No  4  Xe  4  e 

300''k 

-9  3 

2.0x10  cm  /sec 

9 

Ne"+ 

CD)  + 

Xe 

4  24 

No  4  Xo  4  e 

300°K 

-9  3 

1.6x10  cm  /sec 

9 

n,2+ 

(  V)  + 

Xe 

No  4  Xe  (or  Xe"  4o?) 

300°K 

1.9x10  cm  V sec 

9 

Ne*  • 

*■  H.t 

. 

24 

No  4  Ba  4 

300"k 

8.0x10"’  ’em" 

10 
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Tabular  Data  B-l.D  (Continued) 


Temperature, 

Cross  Section 

Velocity  or 

or 

Reaction 

Energy 

Reaction  Rate 

Reference 

N  *  +  CH. 

1  4 

- 

n2  ♦  ch4+ 

50-1000eV 

Fig.  11 

15 

N  *  +  CD. 

1  4 

- 

N2  +  products 

300°K 

-10  3 

10.6x10  cm  / sec 

16 

n2+  +  NH3 

- 

N2  +  nh3+ 

300°  K 

-19  3 

1.9x10  cm  /sec 

11 

N2+  +  N2 

- 

n2  H-  n2+ 

50-1000eV 

Fig.  12 

15 

n2+  +  CO 

- 

N2  +  CO+ 

300°K 

7  .4x10  ^cm"V sec 

ii 

N2+  +  °2 

- 

n2  +  o2+ 

300°K 

5.1x10  ^cm^/sec 

11 

n2+  +  co2 

- 

N2  +  C02+ 

300°K 

7  7  ,n~10  3/ 

7.7x10  cm  / sec 

ii 

N,+  +  Th 

* 

N,  +  Th+ 

2-S00eV 

Fig.  16 

12 

N2+  +  1 

- 

n2  +  U+ 

2-500eV 

Fig.  13 

12 

CO+  +  CH, 

4 

* 

CO  +  CH  + 

4 

SO-lOOOeV 

Fig.  11 

15 

C0+  +  CO 

- 

CO  +  co+ 

50-I000eV 

Fig.  12 

15 

o2+  +  nh3 

- 

02  +  Nil  + 

300°K 

2.0x10  ^cm^/sec 

11 

0o+(v=0  to 

7)  +  02 

- 

°2  +  °2+ 

1-AOeV 

Fig.  14 

17 

o2+  +  h2s 

- 

°2  +  H2S+ 

300°K 

-9  3 

1 .  4x10  cm  / sec 

11 

o2+  +  cos 

- 

o2  +  COS+ 

300°K 

1  .0x10  ^cm^/sec 

11 

Ar^+  +  Ho 

* 

+  + 

Ar  +  He 

0-9eV 

Fig.  9 

8 

Ar2+(1S)  + 

He 

-* 

4-  + 

Ar  +  He 

300°K 

-14  3 

*  2x10  cm  /sec 

9 

Ar2+(1D)  + 

He 

> 

+  + 

Ar  +  He 

300°K 

•v  1.4x10  ^cm^/sec 

9 

Ar2+(3F)  + 

He 

+  + 

Ar  +  He 

300°K 

7x10  ^cm^/sec 

9 

■u. 

Ar  +  He 

2+  + 

Ar  +  He 

0~6eV 

Fig.  9 

8 

0-6eV 


Fig.  9 
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Tabular  Data  B-l.D  (Continued) 


Reaction 

Temperature , 
Velocity » or 

Energy 

Cross  Section 

or 

Reaction  Rate 

Reference 

Ar+  +  CH. 

4 

- 

Ar  +  products 

300°K 

11.0x10  ^cm'Vsec 

16 

2+  1 

Ar  (  S)  +  Ne 

- 

Ar+  +  Ne+ 

300°K 

-13  3 

1x10  cm  /sec 

9 

Ar2*(*  D)  +  Ne 

- 

+  + 

Ar  +  Ne 

300°K 

-12  3 

«.  3 . 7x10  cm  /sec 

9 

2+  3 

Ar  (  P)  +  Ne 

- 

Ar+  +  Ne+ 

300°K 

3,7x10  ^cm^/sec 

9 

2+ 

Ar  +  Ne 

- 

+  + 

Ar  +  Ne 

0-22eV 

Fig.  5 

8 

Ar*  +  N2 

- 

Ar  +  Nj+ 

300°K 

4.9x10  ^cm3/sec 

18 

Ar  + 

- 

Ar  +  N2+ 

300°K 

•v  0.85xl0'11cm3/sec 

19 

Ar2*  +  Nj 

- 

+  + 

Ar  +  N2 

300°K 

20x10  ^cm^/sec 

19 

Ar2+  +  N2 

- 

Ar+  +  N+  +  N 

300°K 

10x10  13cm3/sec 

19 

Ar*  +  CO 

- 

Ar  +  CO* 

300°K 

-10  3 

0.35x10  cm  /sec 

18 

Ar+  +  02 

- 

Ar  +  0  + 

300°K 

0.43x10  ^cm^/sec 

18 

Ar*  +  02 

- 

Ar  +  02+ 

300°K 

5.8x10  ^cm^/sec 

19 

Ar2+  +  02 

- 

Ar*  +  02+ 

300°  K 

170x10  11cm3/sec 

19 

Ar+  +  Ar 

- 

Ar  +  Ar+ 

300°K 

-9  3 

0.46x10  cm  /sec 

14 

2+ 

Ar  +  Ar 

-+■ 

2Ar+ 

300°K 

0.04x10  ^cm^/sec 

19 

2+ 

Ar  +  Ar 

- 

+  + 

Ar  +  Ar 

0-34eV 

Fig.  10 

8 

Ar+  +  C02 

-*■ 

Ar  +  C02+ 

300°K 

5.6x10  ^cm^/sec 

18 

2+  1 

Ar  (  S)  +  Kr 

-*• 

Ar*  +  Kr* 

300°K 

-9  3 

1.4x10  cm  /sec 

9 

2+  1 

Ar  (  D)  +  Kr 

- 

Ar+  +  Kr+ 

300°K 

-  in-13  3. 

<  2x10  cm  /sec 

9 

2+  3 

Ar  TP)  +  Kr 

-> 

+  + 

Ar  +  Kr 

300°K 

,  in*13  3/ 

<  2x10  cm  /sec 

9 

2782 


l.iluihir  Ihit.i  R  - 1  .1)  (('out  iminl) 


lcmper.it  urr 

Vr loi  it  v  or 

Cross  Sec t ion 

or 

Ki*ac  t  ion 

I.IUTp.V 

Kr.ic  L  i  on  Kn  t  <• 

J  4 

Ar 

4  Kr 

4  4 

At  >  Kr 

0-*  u*v 

lie..  Ir> 

J  4- 

!S>  ♦ 

Xe 

4  4 

Ar  4  Xr 

iod'Y 

-9  3 

1x10  cm  /see 

.*  4 

Ar  ( 

■m  . 

Xc 

4  4 

At  4  \r 

mo"k 

-9  i 

l.SxlO  cm  / sc 

Ar '  *  ( 

Y>  * 

Xc 

4  4- 

At  4  X*' 

too'Y 

-9  i  , 

l  .  ‘»x  1 0  cm  / soi’ 

Nl  * 

N"> 

4 

products  4  Nit  ^ 

tOO°K 

-9  3  , 

J . 1x10  cm  /see 

♦ 

CO  , 

4  Ih 

ro„  ♦  n/ 

J-NOOrV 

lie.  Ift 

t 

O'  , 

4  C 

CO  ,  4  c 

J-'iOO.V 

lie.  1  3 

♦ 

N .  4 

s", 

• 

4 

products  4  XH 

U)0“K 

-9  1  , 

1.8x10  cm  /set 

4 

N  ♦ 

II  ,0 

products  f  II  ,0 

tOU*  K 

-9  t 
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Tabular  Data  B-l.D  (Continued) 


Reaction 

Temperature t 
Velocity, or 
Energy 

Cross  Section 

or 

Reaction  Rate 

Reference 

2+  3 

Kr  (  P)  +  Kr 

Kr+  +  Kr+ 

300°K 

-14  3 

5.0x10  cm  /sec 

9 

Kr^+  +  Xe 

- 

Kr+  +  Xe+ 

300°K 

1.2x10  ^cm^/sec 

9 

Xe2+  +  No 

- 

Xe+  +  Ne+ 

300°K 

,  ,„-14  3 , 

<  1x10  cm  /sec 

9 

2+  3 

Xe  C  P)  +  N2 

-+ 

Xe+  +  N2+ 

300°K 

1.0x10  ^cm'Vsec 

21 

2+  1 

Xe*  CD.,)  +  N2 

- 

Xe+  +  N2+ 

300°K 

7.8x10  ^cm'Vsec 

21 

2+  1 

Xe*  CS  )  +  N- 
o  2 

Xe  +  N, 

300°K 

3.8x10  ^cm^/sec 

21 

2+  3 

Xe*  (JP)  +  02 

■* 

Xe+  +  O/ 

300°K 

1.2x10  ^cm^/sec 

21 

2+  3 

Xe*  C?2)  +  Ar 

Xe+  +  Ar+ 

300°K 

3.9x10  ^cm’Vsec 

9 

2+  3 

Xe*  CP)  +  Ar 

- 

Xe+  +  Ar+ 

300°K 

2.9x10  3(3cm3/sec 

21 

Xe2+(3PQ  j/s.'b)  +  Ar 

+  + 

Xe  +  Ar 

300°K 

-14  3 

<•  2x10  cm  /sec 

9 

2+  3 

Xe* CP)  +  C02 

- 

Xe+  +  C02+ 

300°K 

1.1x10  ^ cm^ /sec 

21 

Xe2+  +  Kr 

- 

+  + 

Xe  +  Kr 

300°K 

-14  3 

<  8x10  cm  /sec 

9 

Xe+  +  Xe 

- 

Xe  +  Xe+ 

0.04-10eV 

Fig.  17. 

20 

Xe+  +  Xe 

- 

Xe  +  Xe+ 

300°K 

-9  3 

0 . 36x10  cm  /sec 

2 

2+ 

Xe  +  Xe 

* 

2+ 

Xe  +  Xe 

0 ,04-*20eV 

Fig.  17. 

20 

2+  1 

Xe*  ro2)  +  Xe 

- 

Xe+  +  Xe+ 

300°K 

1.0x10  12cm3/sec 

21 

Xe2+|1S0)  +  Xe 

-+ 

Xe+  +  Xe+ 

300°K 

i  i  in'12  3/ 

3.1x10  cm  / sec 

21 

Cs  +  Cs 

- 

+ 

Cs  +  Cs 

300°K 

-14  2 

7.10x10  cm 

22 

Negative  Ion  -  Atom 

Collisions 

0*  +  N02 

- 

0  +  N02" 

0. 01- IeV 

Fig.  18- 

23 

o'  +  o3 

- 

0  +  o3' 

0.  3eV 

2,0x10  ^cm'Vsec 

24 
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Tabular  Data  B-l  .1)  (Continued) 


it 


h 


Reaction 

Temperature  , 

Velocity  »  or 

Energy 

Cross  Sect  ion 

or 

Reaction  Rate 

Reference 

-10  3 

OH  +  0? 

OH  +  03 

0 . 3eV 

5.0x10  cm  /sec 

24 

f“  +  o3 

• 

F  +  0  " 

0 . 3eV 

2x10  ^cm^/sec 

24 

f”  +  03 

• 

F  +  03‘ 

0 . 5-6 . 5eV 

Fig.  19 

24 

s'  +  o3 

- 

s  +  o3- 

0 . 3c  V 

0.9x10  ^cm^/sec 

24 

c2»-  +  o3 

- 

t,H  +  O' 

0.  )eV 

-10  3 

0.02x10  cm  /sec 

24 

SH  +  0^ 

> 

SH  +  O' 

0 . 3eV 

0.6x10  ^cm^/sec 

24 

Sll"  +  03 

- 

SH  +  O' 

0.5-6.5oV 

Fig,  20 

24 

NO,'  +  03 

• 

no2  +  o3" 

0.3eV 

-10  3 

0.9x10  cm  /sec 

24 

NO,'  +  03 

- 

NO,  +  03" 

0-8.0eV 

Fig.  21. 

24 

so"  +  so,, 

• 

so  +  so/ 

0.01-U-V 

Fig.  22 

23 

o'  +  N02 

• 

°3  +  wi 

0 . 4 . 5e V 

Fig.  23 

24 

O'  +  NO, 

• 

03  +  NO,' 

0-9 . 5eV 

Fig.  21 

24 

c2-  ♦  o3 

• 

C ’ 2  +  °3' 

0 . 3oV 

-10  3 

0.02x10  cm  /sec 

24 

Br"  +  N02 

- 

Br  +  N02' 

t.5-6.5oV 

Fig.  24 

24 

Br"  +  03 

• 

Br  +  O' 

! .5-6.50V 

Fig.  24 

24 

r  ♦  o3 

• 

L  +  O' 

1 . 5-6 . 5eV 

Fig.  25 

24 

Li  +  C. 

I,i+  +  C>" 

Neut ral-Neutral  Collisions 

1820-2590°K 

Fig.  26 

25 

Li  +  Rr 

• 

l.i  +  +  Br" 

1820-2590°K 

Fig.  2b 

25 

Li  +  I 

+  — 

Li  +  1 

1820-2590°K 

Yiy.  26 

25 

Na  ♦  C- _ 

► 

Na+  +  .Ci” _ , 

1 820-2590°K 

_ _ _ 

25 

rN 
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Tabular  Data  B-l.D  (Continued) 


Temperature,  Cross  Section 

Velocity,  or  or 

Reaction  Energy  Reaction  Rate  Reference 


Na  +  Br 

- 

Na+  +  Br 

1820-2590°K 

Fig. 

26 

25 

Na  +  I 

-► 

Na+  +  i" 

182C-2590°K 

Fig. 

26 

25 

K  +  02 

- 

K+  +  0  " 

3.5-2000eV 

Fig. 

27 

26 

K  +  Ck. 

- 

K+  +  Cl~ 

1820-2590°K 

Fig. 

26 

25 

K  +  Br 

- 

K+  +  Br" 

1820-2590°K 

Fig. 

26 

25 

K  +  1 

- 

K+  +  r 

1820-2590°K 

Fig. 

26 

25 

Cs  +  O2 

- 

Cs+  +  0  " 

2.5-1000eV 

Fig. 

28 

26 

Cs  +  Se  F, 

0 

- 

Cs+  +  Se 

0. 75- 12eV 

Fig. 

29 

27 

Positive-Ion  Negative-Ion 

Collisions 

Li+  +  ce” 

- 

Li  +  C? 

i820-2590°K 

Fig. 

30 

25 

Li+  +  Br" 

- 

Li  +  Br 

1820-2590°K 

Fig. 

30 

25 

Li+  +  I* 

- 

Li  +  I 

1820-2590°K 

Fig. 

30 

25 

Na+  +  Ci" 

- 

Na  +  Ci 

1820-2590°K 

Fig. 

30 

25 

Na+  +  Br 

- 

Na  +  Br 

1820-2590°K 

Fig. 

30 

25 

+  r 

- 

Na  +  I 

1820-2590 

Fig. 

30 

25 

;:n+  +  Ci" 

-► 

NO  +  Cf 

220O-263O°K 

Fig. 

31 

28 

N0+  +  Br" 

-> 

NO  +  Br 

2200-26 30°K 

Fig. 

31 

28 

N0+  +  1" 

- 

NO  +  I 

2200-2630 

Fig. 

31 

28 

K+  +  Ci” 

* 

K  +  Ci 

1820- 2590°K 

Fig. 

30 

25 

K+  +  Br" 

- 

K  +  Br 

1820-2590°K 

Fig. 

30 

25 

1 

+ 

K  +  I 

1820-2590°K 

Fig. 

30 

25 
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He  +  H,  —  He  +  HT  +  H 


■  o  johnsen  s  Biondi 
•  present  results 


T  or  Tpf,  (K)' 


He  +  He  He  +  He 


Impoct  velocity  (km  s’) 


Fig.  1 


Fig.  2 


/  ^ 

/  pr— 

!  1..KW7-; 


/,'•  '/  •**  «W 


«l 

. « •  ! 


i  *  *  1  * 

1  *He+  +  3He2+  V+  +  3J  '  ‘ 


Inter oction  energy  (eV) 


Fig.  3 

Data  points  are  measurements.  Energy  is  defined  for  center  of 
mass  frame.  Lines  are  various  theories  -  see  original  reference 
(6)  for  details. 


CROSS  SECTION.  Q  OO 


SECTION 


CROSS  SECTION  .  10  cm 


CROSS  SECTION 

SttllCN  (A  t  _lf>  (ARBITRARY  UNITS) 


Fig.  25 


3  +  - 

Reaction  rates  (cm  /sec)  for  A  +  X  -*■  A  +  X 

where  A  is  Li,  Na,  K  and  X  is  Cl,  Br,  I, 

In  two  cases  graphs  are  shifted  vertically  (by  +1 

and  +2)  for  clarity  . 


CM  ENERGY  <*V) 

— Y  W*  C5 


Fig.  27  Graph  shows  also 
data  for  0 
formation. 

Line  is  theory . 


— i.  1 1  1.1  i-L 


-Uti-Lli - 1 _ I _ 1-1  I,  U-ll - L_ 


/■v. 


•  H 


K+02^K  +02 


1.4 


i 


M 


o-l 


0‘  (.10) 


r-~  l-  '  r  r—r  ■ 


■*" 


l  o' 


RELATIVE  VELOCITY  (MTS) 


Fig.  26 


CM  CNERIt  1  <tv) 
W* 


Cs  +  02  -*•  Cs  +  02 ~/+>) 


r  ■•s-c’-J:, 


Fig.  28.  Graph  shows  data 
also  for  0  form¬ 
ation.  Line  is 
theory . 


AELATIVt  VELOCITY  (M/S) 


•s  Cs+SeF,-»-Cs  +SeF 
e  6  o 


•n  • 

S  : 


••••’  SeFA(x3) 


-^---•:"“,;:""'SeF4(x5) 
4  6  S  to  12 

ENERGY  (err*  ,«v) 


Fig.  29.  Graph  shows  data  also  for 

formation  of  other  negative 
ions . 

’•'I - T - = - - i 

^  .  NO  +«  -+NO+C  l  I 


•<*H  NO  +Br  -*NO+Br 
NO++I~-vNO+I 


Fig.  31.  Reaction  rate  in 
units  of  cm^/„„. 


$  o 


— L _ I _ LJ 

200(1  2;«K)  2000 


Fig.  30.  Reaction  rate  k_2 

(cm  /sec)  for  A++X  -+A+X. 
Where  A  is  Li  (triangle) , 
Na  (circle)  or  K  (square) 
and  X  is  C8.  (open)  , 

Br  (shaded  left)  or  I 
(shaded  right) .  In  one 
case  graph  is  shown 
shifted  vertically  by  -1 
for  clarity. 
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